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INTRODUCTION 
In recent years, the trend has been for farmers to plant maize (Zea 
mays L.) in cooler soils. This trend has occurred because of yield 
increases realized with earlier planting, the use of reduced tillage to 
decrease soil erosion, and efforts to produce marketable grain in 
short-season environments. Consequently, plant scientists have become 
increasingly interested in the effect of cold temperatures on crop 
production and development of germplasm tolerant to cold temperatures. 
Cold tolerance can be associated with many traits and physiological 
functions. In this dissertation, cold tolerance is the capability to 
germinate, emerge, and grow vigorously in cooler than normal environments. 
Heritable variation has been found in maize for cold tolerance and 
selection to improve cold tolerance is possible. 
Researchers at Iowa State University have attempted t-o improve cold 
tolerance by selecting for percentage emergence 30 days after planting, 
emergence index (a measure of rate of emergence), and seedling dry weight 
45 days after planting, in early planted environments. Improvement of 
these cold tolerant traits has been realized by using recurrent 
selection in the two maize populations BS13(SCT) and BSSS2(SCT). Further 
study of the improved populations has indicated correlated changes in 
traits other than those associated with cold tolerance. These changes 
included increased grain yield, lower grain moisture, and variable changes 
in root lodging and stalk lodging. The purpose of this study was to 
examine the correlated responses to five cycles of recurrent selection 
for cold tolerance in these two populations. 
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The CO, C 5 ,  and CO x C5 intrapopulation cross of both BS13(SCT) and 
BSSS2{SCT), and the CO x CO and C5 x C5 interpopulation crosses were 
evaluated in five environments over three years. The objectives of this 
study were; 1) to examine the changes in ontogenetic development correlated 
with changes in cold tolerance, 2) to evaluate changes in physiological 
traits and yield components associated with the previously observed 
correlated improvements in grain yield, and 3) to relate changes in means 
to changes in allelic frequencies and genetic drift. 
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LITERATURE REVIEW 
Literature dealing with cold tolerance, correlated traits, and 
evaluation of recurrent selection programs will be presented in this 
dissertation. These headings will be used to facilitate organization and 
clarity in this literature review. 
Cold Tolerance 
In maize, the terms cold tolerance and seedling vigor are often used 
interchangeably. The definition depends on the attributes a reseacher 
associates with these traits. Burris (1975) did not differentiate between 
warm and cold environments when he defined seedling vigor as the "summation 
of seed and seedling attributes that allow or promote rapid uniform 
germination". Neal (1949) identified inbreds with tolerance to cold which 
were able to germinate, grow, and establish stands, when planted early in 
Wisconsin. Mock and Eberhart (1972) utilized percentage emergence at 30 
days after planting, emergence index (a measure of rate of emergence for 
the 30-day period after planting), and seedling dry weight at 45 days after 
planting, in a recurrent selection program for cold tolerance. Fakorede 
and Agbana (1983) used growth rate and relative growth rate along with 
emergence traits in evaluating seedling vigor. An all-inclusive definition 
for cold tolerance, in concordance with the literature and used in this 
dissertation, is the ability of a genotype to germinate, emerge, and grow 
vigorously in colder than normal environments. 
Need for cold tolerant germplasm 
Present-day farmers, in comparison to their predecessors, are planting 
maize earlier and in seedbeds prepared with less tillage. A consequence of 
this is that seeds and seedlings are exposed to colder environments. Cold 
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tolerant germplasm is required to establish stands and maximize use of the 
growing season. 
Carr (1977) points out that in Britain the length of the season 
determines whether or not a corn crop can be used for grain. British 
farmers select fields for corn production based on shelter from wind, 
slope, moisture, color, and texture of soil, because these factors 
influence soil temperature and, consequently, the length of the season. 
Mock and Pearce (1975) hypothesized that earlier planting would result 
in earlier flowering and grain filling during the period of maximum light 
energy (mid-June to early July for U.S. corn belt). Theoretically, this 
would increase grain yield. Pendleton (1965) evaluated the effect of four 
planting dates (19 April through 31 May) in Illinois. Improved grain 
yields in earlier plantings was attributed to earlier pollination. The 
author speculated that earlier pollination was advantageous because less 
soil moisture was lost early in the season due to plants shading the ground 
sooner and because pollination was nearer to the time of maximum sunlight 
(21 June). Planting earlier reduced grain moisture at harvest, ear height, 
and stalk lodging. Pendleton and Egli (1969) found a decrease in grain 
yield only with planting dates after 30 April in Urbana, Illinois. In 
their study, later planting was associated with lower crushing strength of 
stalks. Moving grain fill to the periods of summer with highest light 
intensity did not improve grain yield. 
Benoit et al. (1965) observed a 44% yield reduction in maize hybrid 
WF9 X 38-11 when planting in Kentucky was delayed from 28 April to 22 June. 
Yield reduction in hybrid B37 x CI03 the following year was 17% when 
plantings were 8 April and 10 June. The authors concluded, in contrast to 
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previous thought, that the yield reductions were not due to droughty 
conditions commonly observed late in the growing season, but rather to 
lower temperatures during grain filling. 
In a study conducted by Dungan (1944), open-pollinated varieties were 
planted on 11 May, 27 May, and 7 June. Mean yield reductions were 3.5 
bushels per acre between the first and second planting dates and 16.3 
bushels per acre between the second and third dates. Full season varieties 
responded more to early planting than did short season varieties. Later 
planting shortened the vegetative period (days to flower) and increased 
lodging. 
Peaslee et al. (1971) found that early (7 April) and late (26 May) 
plantings of one single-cross hybrid required similar growing 
degree days from emergence to silk. The early planting averaged 631 kg/ha 
more grain yield than the late planting, and the differences were even 
greater with low levels of phosphorous and potassium fertility. 
Conservation tillage practices also require varieties that are cold 
tolerant. Conservation tillage systems result in cooler spring soil 
temperatures because the increased soil surface residue inhibits the 
warming and drying of the soil in the spring. 
Mock and Erbach (1977) compared no-till, ridge planting with chopped 
stalks, and ridge planting without chopped stalks, with conventional 
moldboard plowing. The conservation tillage soils averaged 1.5°C cooler 
than conventional tillage (17.5°C vs 19.0°C) in the early spring. 
Conservation tillage was associated with lower seedling dry weights, lower 
juvenile plant heights, later flowering dates, poorer emergence, and lower 
yield. 
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Mock (1982) proposed that special breeding efforts should be 
undertaken to develop genotypes for the unique no-till environments. 
despite some studies showing no genotype by tillage interactions. The 
author argued that no-till varieties must be able to germinate, emerge, 
grow, and produce stands in cooler, wetter soils, in addition to being able 
to withstand the pest complexes that are different in the two systems. 
Newhouse (1984) cited statistics demonstrating the substantial 
"increase in recent years in use of conservation tillage systems to reduce 
erosion, minimize fuel costs, and facilitate earlier planting. In his 
study, Newhouse (1984) compared the performance of 100 lines from each 
of two populations and 60 commercial hybrids in conventional vs no-till 
systems. He observed genotype by tillage or genotype by tillage by 
environment interactions that were significant at the 0.05 probability 
level in at least one of the populations for percentage emergence, early 
plant height, days to 50% pollen shed, stay green, grain yield, stalk 
lodging, root lodging, or final stand. Little or no genotype by tillage 
interaction was observed in the analysis of hybrid performance. Based on 
these results, and the fact that the lines selected for grain yield in 
no-till were not the same as those selected in conventional-till, the 
author concluded that special breeding programs were warranted for the 
development of hybrids suitable to reduced tillage systems. 
Hallauer (unpublished data. Dept. of Agronomy, Iowa State University) 
found no genotype by tillage interactions in a study comparing performance 
of commercial hybrids in conventional and reduced tillage systems. Mean 
performance in reduced tillage was inferior to conventional for grain 
yield, percentage moisture at harvest, root lodging, and stalk lodging. 
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Effect of temperature on growth 
The effect of temperature on growth depends on the trait monitored, 
the stage of development when the temperature treatment is applied, and the 
severity and duration of the treatment. 
Rush and Neal (1951) observed that genotypic differences for percentage 
germination that were not discernible at room temperatures, could be 
observed in cold germination tests (20°C). 
Coligado and Brown (1975) studied two short season maize hybrids under 
various temperature and photoperiod regimes. They found that temperature 
reduction from 25°C to 15°C delayed tassel initiation and decreased the 
rate of leaf initiation. 
Many authors have reported on temperature effects on time of 
flowering. Carr (1977) observed a phenotypic correlation of -0.92 between 
mean soil temperature from May to mid-June and date of 50% silk in corn 
cultivars in Britain. A 3/8°C day/night, 72 hour temperature treatment 
during vegetative growth, resulted in a 6.3% increase in heat units 
required to reach pollen shedding (compared to a 10/16°C control) in inbred 
B14A in a study by Landi and Crosbie (1982). Inbreds A619 and B37 showed 
no response to the treatment. MacLean and Donovan (1973) found evidence of 
an inverse relationship between rate of early growth and heat unit 
requirement (relative maturity) when six corn hybrids were grown at 10°C, 
16°C, and a 10/16°C day/night regime, in temperature controlled tanks in a 
greenhouse. 
Benoit et al. (1965) observed significant phenotypic correlations 
between grain yield and mean temperatures in the 50-day period after 
silking. Correlation coefficients were 0.87* between grain yield and air 
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temperature five feet above the soil surface, and 0.98* between grain yield 
and soil temperature 5 cm below the surface. Ragland et al. (1965) 
observed significant correlations between ear growth rate and similar 
measurements of mean air and soil temperatures (r = 0.62** and 0.70**, 
respectively). 
Many authors have reported that cold ambient temperatures are 
associated with reduced growth rates (Castleberry et al., 1978; Miedema, 
1982; Jones and Mederski, 1963; Mederski and Jones, 1963; Landi and 
Crosbie, 1982; Sierner et al., 1969; and Teeri et al., 1977). The exact 
physiological cause of cold temperatures resulting in reduced growth rates 
has not been identified. 
Miedema (1982) speculated that the general slow down of biochemical 
reaction rates with colder temperatures, in accordance with the Arrenius 
equation, explained the reduction in growth rates. Blondon et al. (1980) 
hypothesized changes in photosynthetic rates, absorbtion properties of 
roots, and/or modifications of membrane lipids, may have been responsible 
for the changes in growth ratës they observed. Lee and Estes (1982} 
observed altered chloroplast u'.trastructure (.swelling of chloroplast 
stroma, reduced of grar.al stacks, and swollen peripheral reticulum and 
interlamellar spaces) in maize hybrids with slow seedling growth at 15/10°C 
day/night temperatures in a greenhouse. 
Teeri et al. (1977) studied commercial maize varieties in 17/5, 23/11, 
and 29/19°C day/night temperature regimes. The 17/5°C treatment resulted 
in lower light-saturated photosynthetic rates, cholorophyll content, and 
mesophyll cell photosynthetic unit density. 
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Genetic variability for cold tolerance in corn 
Pinnell (1949) observed variation among inbreds to establish stands (a 
range in germination percentage of 16% to 60%). Pesev (1970) found 
significant genetic variation for germination in cold tests in the 
laboratory and for the rate of growth in the field after transplanting 
among eight inbreds and their progeny. Landi and Crosbie (1982) reached 
similar conclusions regarding the response to short term cold stress during 
vegetative growth. These authors studied Inbreds B14A and B37, and the 
hybrid B14A x B37. Grogan (1970) identified genetic variation for 
germinaton and growth in the laboratory in a generation means analysis he 
conducted with a total of 464 genotypes. In a review written by Miedema 
(1982), the author states that "genetic variation has been reported for 
most types of cold injury". 
Mock and Skrdla (1978) examined 144 plant introductions in a study 
evaluating percentage germination, emergence index, and seedling dry weight 
45 days after planting. Results indicated that genetic variance for all 
three of these traits was present. Mock (1979) evaluated 34 adapted 
inbreds at two locations for two years in Iowa. Estimates of genetic 
variation, significant at the 0.01 level of probability, were obtained for 
these same three cold tolerance traits. 
Inheritance of cold tolerance 
Knowledge of the gene action and herltabllity of cold tolerance traits 
enables breeders to choose the best methods of selecting for cold tolerance 
and of incorporating the tolerance into varieties. 
Pinnell (1949) determined that the genetic nature of inheritance for 
the ability to germinate in the lab or field was complex. The author 
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postulated that the cause of the maternal effects he detected may have been 
the nature of the endosperm. Heterosis was also observed. He concluded 
that the observed variation was heritable because the correlation between 
F2 and progeny was significant (r = 0.36*). 
Inheritance was also described as complex by Neal (1949) in his study 
of the ability of inbreds to germinate, grow, and establish stands in 
Wisconsin. He observed reciprocal differences among hybrids. Pesev (1970) 
also observed reciprocal differences for germination in the laboratory at 
6°C and 8°C and for seedling growth in the field. He concluded that 
maternal effects were important in the inheritance of these traits. 
Burris (1975) conducted a diallel with inbred lines of corn and 
evaluated seedling dry weights of plants grown at 25°C in the laboratory. 
He found evidence for heterosis and maternal effects in the inheritance of 
this trait. 
Grogan (1970) used a generation means analysis with 464 inbreds to 
evaluate germination and seedling growth rate. He concluded that 
inheritance of the ability to germinate at cold temperatures in the 
laboratory was primarily additive. Cytoplasmic, maternal, and epistatic 
effects, along with heterosis, also were detected. Inheritance of seedling 
growth rate involved additive effects and heterosis. Reciprocal 
differences also were detected for this trait, but they were not as 
pronounced as those for cold germination. Neither epistatic nor 
cytoplasmic effects were found to be important in inheritance of seedling 
growth rate. 
McConnell and Gardner (1979b) also used generation means to evaluate 
cold tolerance. They evaluated lab and field cold germinaton, juvenile 
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plant height, and yield. A Gardner-Eberhart generation means analysis 
showed that all four genetic effects tested (additive, dominance, additive 
X additive, and dominance x dominance) were significant at the 0.05 level 
of probability for all four traits. They concluded that cold tolerance 
traits (cold germination percentage, emergence, and growth after emergence) 
were inherited in a quantitative manner, and that most of the genetic 
variability was not additive. 
Most of the heritability estimates reported in the literature are from 
work done by Mock and his colleagues. Mock and Eberhart (1972) obtained 
estimates of heritability of 0.68 and 0.72 for percentage emergence, 0.63 
and 0.49 for emergence index, and 0.56 and 0.41 for seedling dry weight 45 
days after planting in populations BSSS2 and BS13, respectively. 
Heritability estimates for the same three traits for 144 plant 
introductions were 0.84, 0.66, and 0.49, respectively (Mock and Skrdla, 
1978). Mock and McNeill (1979) also estimated heritability for cold 
tolerance traits in 34 hybrids adapted to North America. Their estimates 
and standard errors for percentage emergence, emergence index, and seedling 
dry weight were 0.85±0.06, 72±0.06, and 0.80±0.06, respectively. 
Selection for cold tolerance 
Successful improvement of germplasm for cold tolerance also requires 
knowledge of its expression and relationship to other traits. Discussion 
in this section will deal with effects that confound selection for cold 
tolerance, the genetic relationships among cold tolerant traits, and the 
relationships between cold tolerant traits and other agronomic characters. 
Both high and low correlations between field and lab run tests for 
evaluating cold tolerance have been reported. The lack of soil organisms 
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in lab tests was the explanation Neal (1949) proposed for the poor 
correlations he observed between lab and field for the ability of maize 
lines to germinate, grow, and establish stands. McConnell and Gardner 
(1979a) suggested that poor correlations were due to fluctuating 
temperatures and moistures in the field experiments. Burris (1975) 
observed a correlation coefficient of only 0.118 for seedling dry weight 
between tests run in moist paper towels in the lab and tests in the field. 
He reasoned that the difference was due to the variability and effect of 
the seed-soil interface in the natural environment. 
In contrast, Pinnell (1949) and Mock and Eberhart (1972) observed high 
correlations between field and lab cold tolerance performance. Pinnell 
(1949) observed a positive correlation between germination percentage in 
the lab and field (r = 0.75**). Mock and Eberhart (1972) found genetic 
correlations greater than 0.80 for percentage emergence, emergence index, 
and seedling dry weight between the lab and field. They concluded that the 
same genetic system was operating in both environments. 
Genotype by environment interactions can impede a breeder's ability to 
accurately select germplasm. Genotype by environment interactions for cold 
tolerant traits has been observed to be significant enough to warrant 
testing in multiple environments (McConnell and Gardner, 1979b; Mock and 
McNeill, 1979; and Hoard, 1984). Mock (1979) studied the relative 
importance of genotype by location, genotype by year, and genotype by 
location by year interactions for cold tolerance. He observed that the 
genotype by year was the most important component and accounted for 30.9%, 
55.5%, and 33.3% of the genetic variance for percentage emergence, 
emergence index, and seedling dry weight, respectively. The author 
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concluded that accurate evaluation of cold tolerance may required testing 
in more than one year. 
Other factors influence a genotype's ability to germinate, emerge, and 
grow vigorously in cools soils. Miedema (1982), for example, pointed out 
that crops on no-till soils have greater exposure to insect and disease 
pests. 
The condition of the seed also can effect cold tolerance. Cooper and 
MacDonald (1970) determined that maize seedlings changed from the 
heterotropic growth stage to the transitional and autotrophic growth stages 
when two leaves were fully emerged. Consequently, seed reserves are 
important for early seedling growth, as well as for supplying adequate leaf 
area for a more rapid growth rate after emergence. Rush and Meal (1951) 
observed that seed harvested at high moisture levels or after a frost had a 
lower cold germination percentage. Loeffler (1983) demonstrated that 
drying of seed at high temperatures reduced the resistance to imbibitional 
chilling injury. 
Progress from selection for cold tolerance in general, depends on the 
interrelationships of the component traits. McConnell and Gardner (1979a) 
concluded that two genetic systems condition cold tolerance because samples 
with the same germination had different growth rates after germination. 
Improving germination at cold temperatures, therefore, may not result in 
improved growth after emergence. Miedema (1982) also concluded that 
different mechanisms are involved in various types of low-temperature 
damage. " 
Crosbie et al. (1980) observed phenotypic correlations between 
percentage emergence and emergence index (r = -0.32**), between percentage 
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emergence and seedling dry weight (r = -0.41**), and between emergence 
index and seedling dry weight (r = -0.33**) in BS13{SCT). In BSSS2(SCT), 
phenotypic correlations were identified between percentage emergence and 
emergence index (r = -0.24**), and percentage and seedling dry weight (r = 
0.22**). These authors suggested the use of dry weight per plot as a 
selection criteria. This trait identified lines with excellent percentage 
emergence and seedling dry weight, and it would be easy to evaluate in 
multiple environments. 
In the 64 inbreds Mock and McNeill (1979) studied, significant 
phenotypic correlations were observed among all cold tolerant traits. 
Correlation coefficients of -0.60* between percentage emergence and 
emergence index, 0.57* between percentage emergence and seedling dry 
weight, and -0.44* between emergence index and seedling dry weight were 
reported. Similarly, phenotypic correlations of -0.57*, 0.32*, and -0.44* 
between these respective traits were observed by Mock and Skrdla (1978) in 
144 plant introductions. 
The relationship between cold tolerance and other agronomic traits 
also can be important to the breeder in deciding how to select germplasm. 
Mock and McNeill (1979) concluded that "seedling cold tolerance may not 
impart vigor to other stages of maize plant growth" based on the low 
correlations they observed between cold tolerance traits and other 
agronomic characters. 
Conflicting results on the association of seedling vigor and maturity 
have been reported. Castleberry et al. (1978) found that early maturing 
inbreds and hybrids of maize had greater rates of leaf area expansion and 
seedling dry weights than did late maturing cultivars. However, the 
15 
proportionate reduction in growth rate during chilling was approximately 
equal. Lee and Estes (1982) also observed that early maturity was 
associated with superior seedling growth, although the correlation between 
growth and maturity was not statistically significant in their study. 
MacLean and Donovan (1973) also found evidence of an inverse relationship 
between rate of early growth and relative maturity. 
In contrast. Smith and Millett (1964) stated that "there was no 
relationship between the ability to sprout at 50°F and relative maturity of 
a variety of tomato". Mock and Eberhart (1972) proposed that selection for 
cold tolerance should not change maturity because of the poor genetic 
correlations between tasseling date and cold tolerance traits observed in 
their study of two maize populations. Likewise, Mock and Skrdla (1978) 
concluded that cold tolerant genotypes could be developed for all latitudes 
because none of the cold tolerant traits in the 144 plant introductions 
they evaluated were associated with days from plant to flower. 
Breeding for cold tolerance 
Neal (1949) credits Professor B.D. Leith with some of the first 
efforts in breeding for cold tolerance. Starting in 1914, Leith selected 
for germination at 7.2°C in the open pollinated variety Golden Glow in 
Wisconsin. After many years of selection, a cold tolerant version of this 
variety was put into extensive production in 1922-
McConnell and Gardner (1979a) evaluated the effect of four cycles of 
modified mass selection for cold germination in the laboratory (7.2°C) and 
seedling vigor upon transplanting in two maize populations. Regression 
analysis of the four cycles of selection indicated cold germination in the 
laboratory improved 9.9% per cycle in Iowa Stiff Stalk Synthetic and 8.8% 
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per cycle in Pioneer Cold Tolerant Synthetic. No significant changes 
across cycles were observed for field emergence or seedling vigor. 
Mock and Bakri (1976) used regression analysis to evaluate 
recurrent selection in two maize populations for percentage emergence, 
emergence index, and seedling dry weight 45 days after planting. After 
three cycles in population BSSS2(SCT), no significant gains per cycle for 
any of the three traits were observed. In BS13(SCT), two cycles of 
selection resulted in significant improvement of percentage emergence (8.4% 
per cycle) and seedling dry weight (0.6 dg per cycle). "Larger estimates of 
genetic variance and heritability in BS13(SCT) compared to BSSS2(SCT) 
probably were responsible for greater progress in BS13(SCT) )Mock and 
Eberhart, 1972). 
Hoard (1984) utilized a model proposed by Smith (1979a) to evaluate 
five cycles of recurrent selection for cold tolerance in maize 
populations BS13(SCT) and BSSS2(SCT). Realized gains per cycle (corrected 
for genetic drift) were 1.88 g/plot for plot dry weight 45 days after 
planting, 0.034 g/plant for plant dry weight 45 days after planting, 2.52% 
for percentage emergence, and 0.27 on a scale from 1 to 9 for seedling 
vigor in BS13(SCT). These figures represent gains of 5.98%, 4.51%, 3.99%, 
and 7.43% gain/cycle, respectively. In BSSS2(SCT), realized gains were 
2.20 g/plot (5.94% per cycle), 0.042 g/plant (4.84% per cycle), 1.62% 
(2.40% per cycle), and 0.28 (6.67% per cycle). Gains in rate of emergence 
were not statistically significant in either population. 
Crosbie et al. (1980) evaluated the CO through C5 cycles of BS13(SCT) 
and CO through C4 cycles of BSSS2(SCT) to estimate predicted gains for cold 
tolerant traits using various methods of selection. Best predicted results 
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for percentage emergence, emergence index, and seedling dry weight, were 
realized using a rank summation index and a base index (where index weights 
were reciprocals of phenotypic standard deviatons). These indexes were not 
seriously affected by unequal variances among traits and combined: 1) 
simplicity of use, 2) no need to estimate genetic parameters, and 3) good 
selection differentials and predicted gains for each trait and in aggregate 
genotype. Using the base index, predicted gains (expressed as genetic 
standard deviations) for percentage emergence, emergence index, and 
seedling dry weight, respectively, were 1.38, -0.88, and 0.80 in BS13(SCT) 
and 1.33, -0.45, and 0.24 in BSSS2(SCT). 
Correlated Traits 
Correlated traits can be the result of gene linkage, pleiotropy, or 
physiologic interdependence (Crosbie and Pearce, 1982). Conflicting 
reports on the degree and/or direction of the correlation between two 
traits often exist. Crosbie and Mock (1980) pointed out that yield 
component limiting grain yield varied from population to population and 
with different cycles of selections. The great frequency in which genotype 
by environment interaction is observed indicates that correlations between 
traits may also vary from environment to environment. Consequently, 
conflicting reports on the association between traits should not be a 
surprise. 
In this section, literature dealing with correlated traits and 
correlated responses among cold tolerance and other agronomic traits is 
reviewed. 
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Traits associated with cold tolerance 
Lee and Estes (1982) found that total dry matter at maturity was not 
associated with seedling growth. They observed that later maturing hybrids 
had higher grain yields despite poor seedling growth. Burris (1975) 
determined that differences in seedling vigor had pronounced effects on 
vegetative development, but that these differences usually dissipated as 
the plant approached tasseling. However, he did conclude the following: 
"In general, genotypes which exhibit a positive correlation between 
vegetative development and yield will respond to increased seedling vigor. 
Conversely, those genotypes that do not respond positively to increased 
vegetative development ... may in fact respond negatively." 
Tapper (1983) found that the linear increase of grain yield from 47.0 
q/ha in hybrids grown in the 1930s to 84.5 q/ha in 1970s hybrids was 
associated with a 0.12 increase in a seedling vigor rating (on a scale from 
1 to 9). 
Fakorede and Agbana (1983) observed phenotypic correlations between 
grain yield and emergence rate index (r = -0.60*) and between grain yield 
and emergence index (r = -0.54*). Phenotypic correlations were observed 
between grain yield and the following traits: percentage emergence, growth 
rate, and relative growth rate (correlation coefficients of 0.65**, 0.68**, 
and 0.61**, respectively). They concluded that cultivars with vigorous 
seedling growth had high grain yields. In a study conducted by Grabe 
(1966J, plants with low seedling growth rates yielded 14% less than plants 
with high-vigor. In contrast, Glenn et al. (1974) did not observe a 
relationship between any measure of seedling vigor and final grain yield 
among the 25 hybrids they studied. 
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Fakorede and Ayoola (1980) investigated how recurrent selection for 
grain yield effected seedling vigor. It had been determined in a separate 
study that the three populations evaluated averaged a 4.93 q/ha yield 
increase after improvement. In the population TZB, five cycles of 
selection for grain yield significantly reduced percentage emergence and 
dry matter accumulation. Dry matter accumulation was also significantly 
reduced in population NCC after one cycle of recurrent selection. 
Percentage emergence, however, was increased. No change in percentage 
emergence and a significant increase in dry matter accumulation were 
observed after three cycles of phenotypic recurrent selection for grain 
yield in the population TZPB. 
Mock and McNeill (1979) observed a positive correlation between the 
cold tolerance traits they evaluated and grain yield among 34 inbreds 
planted the first week of April in Iowa. Phenotypic correlation 
coefficients between grain yield and percentage emergence, emergence index, 
and seedling dry weight 45 days after planting, were 0.24, -0.20, and 0.48, 
respectively. Of these, only seedling dry weight was statistically 
significant at the 0.05 probability level and it explained 23% of the 
2 
variation in grain yield (i.e., coefficient of determination (R ) was 
0.23). McConnell and Gardner (1979a), however, found no correlated 
response in grain yield after four cycles of phenotypic recurrent selection 
for cold germination in the lab and seedling vigor upon transplanting. 
BS13(SCT)C0 and C2 and BSSS2(SCT)C0 and C3 were evaluated after early 
planting by Mock and Bakri (1976) and in no-till by Mock and Erbach (1977). 
The correlated response in grain yield observed by Mock and Bakri (1976) 
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was 1.6 2.2 q/ha in BS13(SCT) and -2.6 1-4 q/ha in BSSS2(SCT). Mock and 
Erbach (1977) found a significant correlated improvement in grain yield in 
BS13{SCT) when averaged over four tillage treatments, however, no change in 
grain yield was observed in BSSS2(SCT). 
In her evaluation of five cycles of recurrent selection for cold 
tolerance, Hoard (1984) designated estimates of genetic changes as 
significant if they were twice their standard errors. She found 
significant correlated increases in grain yield of 26.4 Mg/ha (4.32%/cycle) 
in ES13(SCT) and 17.0 Mg/ha (2.67%/cycle) in BSSS2(SCT). Genetic drift was 
significant for grain yield in both populations. 
In addition to reports of correlations between traits associated with 
cold tolerance and grain yield, many studies have determined correlations 
between cold tolerance traits and other agronomic characteristics. 
Fakorede and Agbana (1983) concluded that cultivars with vigorous 
seedling growth were characterized by early flowering, a short pollen shed 
to silking interval, and reduced barrenness. In early planted inbreds, 
Mock and McNeill (1979) observed phenotypic correlations between emergence 
index and days to 50% silk emergence (r = 0.38*), and between emergence 
index and mature plant height (r = 0.35*). 
Mock and Bakri (1975) found that improvement of cold tolerance in 
BS13(SCT) was associated with increases in juvenile plant height (4.3 cm) 
and juvenile leaf number (0.2), and a decrease in time from planting to 50% 
pollen shed (1.8 days). Selection for cold tolerance in BSSS2(SCT) 
resulted,in correlated decreases in time from planting to 50% pollen shed 
(0.8 days) and mature plant height (6.3 cm). Mock and Erbach (1977) 
compared the improved and unimproved cycles of these populations in 
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no-till. The C2 cycle of BS13(SCT) showed greater juvenile plant heights 
and final emergence than the CO cycle. The C3 cycle of BSSS2(SCT) was 
shorter at maturity and silked earlier than the CO cycle. 
McConnell and Gardner (1979a) used regression to evaluate changes in 
percentage grain moisture at harvest, growing degree units from planting to 
50% pollen shed, and stay green (on a scale from 1 to 9 with 1 being poor), 
associated with four cycles of recurrent selection for cold tolerance in 
two maize synthetics. In Pioneer Cold Tolerant Synthetic, regression 
estimates and standard errors for these traits were 0.00 0.17, 9.10 8.38, 
and -0.05 0.14, respectively. In Iowa Stiff Stalk Synthetic, estimates 
were -0.24 0.21, -6.17 3.35, and -0.12 0.11, respectively. 
Loeffler (1983) compared BS13(SCT)C0 and BS13(SCT)C5 to determine if 
selection for cold tolerance affected resistance to high temperature drying 
(50°C). In warm germination tests (25°C), the CO cycle averaged 47.65% 
germination and the C5 cycle 58.52% germination. However, she concluded 
that selection for cold tolerance had no effect on resistance to 
imbibitional chilling injury following high temperature drying because 
there was no difference in cold germination tests (10°C). 
The following correlated responses (genetic gains) to five cycles of 
recurrent selection in BS13(SCT) were reported to be at least twice their 
standard errors by Hoard (1984): -0.62 days (-0.68%/cycle) for days plant 
to silk, -0.64 days (-0.73%/cycle) for days plant to pollen shed, 0.294 
(6.52%) increase on a 1 to 9 seedling vigor score, 490.6 plants/ha 
(0.9%/cycle) for final stand count, 0.90 plants/plot (1.65%/cycle) for 
early stand count, 2.48% (3.37%/cycle) for percentage not stalk lodged, and 
-0.40% (-0.43%/cycle) for percentage not root lodged. For five cycles of 
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recurrent selection in BSSS2(SCT), significant responses were -0.78 days 
(-0.86%/cycle) for days plant to silk, -0.58 days (-0.68%/cycle) for days 
plant to pollen shed, 0.208 (4.00%/cycle) for the seedling vigor score, 
284.2 plants/ha (1.06%/cycle) for final stand count, -1.96% (-2.57%/cycle) 
for percentage not root lodged, and 1.48 cm (1.51%/cycle) for ear height. 
Correlated responses for percentage of plants per plot with tillers, mature 
plant height, and dropped ears per plot, were not statiscally significant 
in either population. 
With the exception of Hoard (1984), few authors have reported on the 
association of root development and cold tolerance. Blondon et al. (1980) 
observed that an early dent variety they studied had a lower root/shoot 
ratio when exposed to a 10°C treatment for ten days. The root/shoot ratio 
of the early flint variety they studied was not effected as much as the 
dent variety by the cold treatment. Arihara and Crosbie (1982) reviewed 
literature which indicated that more extensive root systems were associated 
with greater tolerance to rootworms and lodging resistance. These authors 
supported the use of vertical-pull resistance as a means of evaluating root 
systems because environments that provide differentiation among genotypes 
for root lodging occurred so infrequently. They observed phenotypic 
correlations, which were significant at the 0.05 level of probability, 
between root lodging and root pull resistance in BSCB1(R)C0, but not in 
BSCB1(R)C8. Rogers et al. (1976) observed a genetic correlation between 
root pull resistance and amount of lodging (r = -0.53*) and demonstrated 
via predicted gains that selecton for root pull resistance would decrease 
root lodging. 
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Traits associated with grain yield 
From the 1930s to the 1970s maize yields increased a great amount. 
Frey (1971) credited 56% of this increase to genetic improvement, Duvick 
(1977) 57 to 60%, and Russell (1974) 79%. Many studies have been done to 
determine what physiological traits have been associated with yield 
improvement. 
Duncan et al. (1978) attributed most of the gain in peanut yields over 
the last 40 years to improved partitioning of assimilates, longer fill 
period, and faster rate of fruit establishment. The increases in maize 
grain yields over a similar period have been attributed to many different 
traits. Russell (1974) provided data indicating that much of the 
improvement was due to changes in density tolerance, lodging resistance, 
and decreased barrenness. Duvick (1977) suggested that gains in yields 
were associated primarily with better roots, stalks, avoidance of premature 
death (better stay green), and resistance to barrenness. Crosbie (1982) 
credited improved plant health and leaf retention (increased rates of dry 
matter production), reduced barrenness, increased kernels/plant, and a 
longer and more rapid grain filling period for the improved yields. He 
found changes in harvest index, a measure of assimilate use efficiency, had 
not changed consistently over the past four decades. 
Tapper (1983) divided the representative single-cross hybrids of 1930 
to 1970 into five decades (eras) and estimated changes of physiological 
traits associated with the observed linear increase of grain yield from 
47.0 to 84.5 q/ha. Over this 40 year period, root lodging decreased 10.6% 
and stalk lodging 27.6%. The following b-values (change in trait/decade) 
were at least two times greater than their standard errors; harvest index 
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(6.7%), rate of grain fill (0.0088 g/heat unit), duration of grain fill 
(9.71 heat units or 1.38 days), stay green (0.92 on a scale from 1 to 9), 
kernel number (18.9/plant), ear number (0.027/plant), pollen shed to 
silking interval (-0.17 days), and heat units to 50% silk (5.2). No change 
in CO2 exchange rate was observed. 
Smith et al. (1982) observed phenotypic correlations significant at 
the 0.01 probability level between grain yield and the following traits: 
days to 50% silk, pollen-shed to silking interval, silking intervals (days 
from 25% to 75% silk), and barrenness. 
Adams (1967) identified the yield components of a maize plant as 
number of kernels per row, number of kernel rows, and kernel dry weight. 
This author reviewed many studies and concluded that the yield components 
were almost universally negatively correlated. Kernel dry weight is a 
function of grain fill and grain fill in maize is a function of growing 
degree days, kernel number, and kernel growth rate (Stapper and Arkin, 
1980). 
Frey (1971) stated that yield components have not been used 
extensively as selection criteria to improve grain yields. He cites 
nonlinear associatons between yield and yield components, optimum levels of 
yield components varying from one environment to another, and the 
difficulty of collecting yield component data, as reasons for their 
infrequent utilization. 
Carter and Poneleit (.1973) identified phenotypic correlations between 
growing degree days (GDD) from planting to pollen shed and GDD of the 
filling period (r = 0.36*), between GDD from planting to pollen shed and 
dry weight at black layer (r = 0.30*), between dry weight at black layer 
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and CDD of the filling period (r = 0.48*), and between dry weight at black 
layer and rate of grain fill (r = 0.38*). No genetic correlations were 
statistically significant at the 0.05 level. 
Mock and Pearce (1975) suggested that improvements in maize grain 
yields could result from lengthening the grain filling period. Tollenaar 
(1977) reviewed studies relating to sink-source relationships. He proposed 
that variations in grain yield can be attributed to either rate and/or 
duration of grain dry matter accumulation. He concluded further that 
reproductive sink capacity was commonly a limiting factor for grain yield 
of maize in temperate and subtropical regions, and that source limitation 
was probably a more common phenomenon in short-season areas. 
Gay et al. (1980) compared yield components of older and recently 
released group III and group V soybean varieties. Yield advances in group 
III cultivars was attributed to increased duration of the grain filling 
period (12% longer) and larger seed. In group V varieties, advances were 
attributed to more seeds/unit land area and more partitioning of assimilate 
to seeds. 
Daynard and Kannenberg (1976) studied actual filling period duration 
(AFPD), which is days from silk to black layer, and effective filling 
period duration (EFFD), which is kernel weight at harvest divided by mean 
rate of grain yield during the linear phase. AFPD and EFPD were both 
significantly correlated with grain yield (r = 0.56** and 0.53**, 
respectively). Correlation»between AFPD and EFPD was also significant (r = 
0.80**) and the authors concluded both could serve equally well in 
quantifying the duration of grain filling. Daynard et al. (1971) 
determined that EFPD explained 80% of the variation in grain yield of the 
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single-cross hybrids in the first year of their study, and 77% the second 
year. In contrast, less than 16% of the yield difference in either year 
could be explained by differences in the rate of grain filling. 
Hanway and Russell (1969) studied dry-matter accumulation in 11 
single-cross hybrids. They determined that rate of dry-matter accumulation 
in the grain did not differ among the hybrids, but that differences in 
grain yield could be explained by lengths of linear grain filling stages. 
Crosbie and Mock (1979) evaluated the response of three cycles of 
full-sib reciprocal recurrent selection in BSIO(FR) x BSII(FR) at planting 
densities of 39.5, 59.3, and 79.0 M plants/ha. A grain yield increase 
significant at the 0.05 probability level (4.4 q/ha or 7.8%/cycle) was only 
observed at the 59.3 M plants/ha density. They suggested that selection 
for prolificacy, a short interval between pollen shed and silking, and 
early silk extrusion during recurrent selection, would improve grain yield. 
A drop in harvest index (71.0% to 48.5% over the three cycles) in a later 
study which found no improvement in BS10(FR)C3 x BS11(FR)C3 for grain 
yield, indicated less assimilate translocation to kernels in the cross of 
improved populations (Crosbie and Mock, 1980). 
Russell et al. (1973) evaluated five cycles of half-sib recurrent 
selection with B14 as a tester in Alph and WF9 x B7. Test crosses with B14 
showed an increase of 3.09 and 1.32 q/ha/cycle in Alph and WF9 x B7, 
respectively. The authors concluded that higher moisture in improved cycle 
test-crosses indicated longer grain filling periods. 
Improvements in grain yield were observed in reciprocal recurrent 
selection in BSSS(R) x BSCBI(R) (from 46.05 q/ha in CO x CO to 63.81 q/ha 
in C7 X C7) and half-sib recurrent selection in BS12 (35.92 qu/ha in BS12C0 
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X B14A to 54.20 q/ha in BS12C6 x B14A) by Fakorede and Mock (1978). 
BSSS(R) X BDCBKR) had a longer grain filling period in improved cycles. 
Neither program resulted in a change in days to 50% pollen-shed, CO^ 
exchange rate, or leaf area. Harvest index increased from 31.79% to 38.73% 
in BSSS(R) x BSCB1CR) and from 23.77% to 32.10% in BS12 x B14A. The 
authors concluded that sink size was limiting grain yield in base 
populations and that selection had resulted in better efficiency of 
translocation from leaf to grain. Increases in yield in BSSS(R) x BSCBKR) 
after seven cycles was observed to be associated with increases in number 
of ears/plant, kernels/plant, and grain/ear, in a study conducted by 
Crosbie and Mock (1980). 
Stangland et al. (1982) evaluated four maize synthetics and their 
crosses after recurrent selection for grain yield. They found that "plant 
and ear traits that showed changes most consistently with grain yield 
increases were a reduced pollen-silk interval and increases in grain 
filling duration and rate, stay-green period, ear length and diameter, 
kernel row number, and kernel weight". 
Crosbie and Mock (1980) found that increases in grain yield of 
testcrosses with Lancaster populations after five cycles of recurrent 
selection were due to increases in number of ears/plant and 300-kernel 
weights. No changes in harvest index were observed. Crosbie and Mock 
(1981) studied changes in physiological traits associated with grain yield 
improvement in three maize breeding programs. They concluded that, because 
harvest index did not change across selection cycles, increased grain yield 
was due to increases in the dry matter production, not a change in the 
percentage of dry matter translocated. 
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Mock stated that increases in grain yield could be realized by 
increasing photosynthetic production via increasing photosynthetic rate, 
leaf area, and/or duration of active leaf area (Frey, 1981). Mulamba and 
Mock (1978) estimated genetic correlations and heritabilities of 
physiological traits in the Eto Blanco population to determine which traits 
could best be used to improve yield potential. They concluded that the 
most useful traits in a breeding program would be leaf orientation at high 
plant densities, pollen-silk interval at low densities, and leaf area per 
plant at all densities. 
Evaluating Recurrent Selection 
Evaluation of multiple cycles from a recurrent selection program in 
the same experiment provides an estimate of direct and indirect responses 
to selection. These estimates can be used to compare genetic gains and 
correlated responses with different selection methods and/or different 
populations. The method used to determine responses to recurrent selection 
will influence the conclusions drawn. 
Eberhart (1964) proposed least squares regression of population means 
over cycles as a method to evaluate response to recurrent selection. 
Linear effects estimate net changes across cycles, while quadratic, cubic 
and/or deviations from regression demonstrate variations from consistent 
responses. A disadvantage of this system is that it only defines 
phenotypic changes due to selection, not genotypic changes. 
Gardner and Eberhart (1966) presented a model for the estimation of 
genetic effects from a diallel cross of inbred lines or populations. With 
this model, analysis of variance and F-tests can be used to identify 
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significant contributions of homozygous loci (a), heterozygous loci (d), 
average heterosis (h), and/or specific heterosis (s). 
Hammond and Gardner (1974) modified the variety diallel model (Gardner 
and Eberhart, 1966) for use with different cycles of selection from one 
parent variety. With this model, estimates of the mean of the CO cycle 
(M), the partial linear regression coefficient of homozygous contributions 
regressed on cycle of selection (A^), the intercept of heterozygote 
contributions regressed on a cycle of selection (D^)> the partial linear 
and quadratic coefficients of heterozygous contributions regressed on cycle 
of.selection (D^ and D^, respectively), and the regression of the heterosis 
effect on the square of the difference between cycles, can be made. 
Genetic drift and inbreeding depression result from recurrent 
selection because the process of recurrent selection involves recombination 
of a finite number of individuals. The model proposed by Hammond and 
Gardner (1974) did not include effects due to changes in levels of 
inbreeding that would occur in most recurrent selection programs, and 
consequently genetic drift could bias their genetic estimates (Smith, 
1979a). 
A model to study the relationship between the change in mean and 
changes in allelic frequencies in improved populations arising from 
recurrent selection was proposed by Smith (1979a). He determined that the 
change in the mean across cycles of recurrent selection was a function of 
the weighted average change in gene frequency (Ap), the average effect of a 
gene substitution in the base population (a), and the change in inbreeding 
depression (R). Analysis using this model provides estimates of Apa, R, 
and H, the average heterosis between two populations. 
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Eberhart et al. (1973) and Russell et al. (1973) used regression of 
population means over cycles (Eberhart, 1964) to estimate response to 
selection for grain yield in five maize populations. Smith (1979a) 
compared these estimates to estimates he obtained by applying his proposed 
model to the data of these authors. In all instances, responses to 
selection were considered to be significant if they were twice their 
standard errors. The proposed model never resulted in significantly lower 
estimates of direct or indirect responses to selection. Rather, in 6 of 17 
comparisons, significantly greater gains in grain yield per cycle were 
estimated using the proposed model. In one instance, the gain in BSSS(R) 
per se, the regression estimate did not indicate any significant gain/cycle 
had occurred (0.24 q/ha/cycle with a standard error of 0.40), while the 
proposed model indicated significant gains (1.35 q/ha/cycle with a standard 
error of 0.40). Estimates of the effect of inbreeding were negative and 
greater than two standard deviations in all instances. 
Smith (1979b) further demonstrated the usefulness of his model by 
using data reported by Burton et al. (1971) on response to half-sib 
recurrent selection in BSK(HT) and S^ recurrent selection in BSK(S). 
Estimates of (ZApa) using the model proposed by Hammond and Gardner 
(1974) were 0.70 q/ha/cycle in BSK(HT) and 1.42 q/ha/cycle in BSK(S). 
Using the model proposed by Smith (1979a), estimates of were 1.22 and 
1.97 q/ha/cycle in BSK(HT) and BSK(S), respectively. Effects of inbreeding 
were estimated to be -1.83 q/ha/cycle in both populations using the Smith 
(1979a) model. 
Hoard (1984) also showed that inbreeding depression could bias 
estimates of gains from recurrent selection. She used the model proposed 
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by Smith {1979a) to evaluate five cycles of recurrent selection for cold 
tolerance in BS13(SCT) and BSSS2(SCT). For all cold tolerance traits 
except percentage emergence 30 days after planting, estimates of genetic 
drift due to restricted population size were significant (twice their 
standard errors). Estimates of correlated increases in grain yield were 
also biased by inbreeding depression. Consequently, changes in population 
means across cycles for these traits were different than genetic gain 
(2Apa) . 
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MATERIALS AND METHODS 
Plant Materials 
The two base populations used in this study, BS13 and BSSS2, were both 
derived from Iowa Stiff Stalk Synthetic (BSSS). BS13 is BSSS(HT) after 
seven cycles of half-sib selection using the double cross Iowa 13 as the 
tester (Penny, 1968). BSSS2 is a third generation synthetic of the 
population cross BSSS(HT)C6 x BSSS(R)CA. BSSS(R)C4 is the fourth cycle of 
reciprocal recurrent selection from the program that used BSCB1 (Corn Borer 
Synthetic #1) as the reciprocal population (Penny and Eberhart, 1971). 
In 1970, Dr. Mock at Iowa State University started S^ recurrent 
selection for cold tolerance in these two populations and designated the 
cycle 0 populations BS13(SCT)C0 and BSSS2(SCT)C0 (Mock and Eberhart, 1972). 
Evaluation was done by planting as close to 1 April as possible in Ames, 
Iowa. Selection for cold tolerance was based on three traits: percentage 
emergence 30 days after planting, emergence index, and seedling dry weight 
45 days after planting. Emergence index was a numerical score adopted from 
Smith and Millett (1964) which was a measure of the rate of emergence (at 
two day intervals) during the 30 days after planting. The formula used in 
the recurrent selection program was: Emergence index = (number of plants 
emerged on any day) x (days after planting) / (total number of plants 
emerged 30 days after planting). 
In the CO, 288 S^ lines of each population were evaluated. In 
BS13(SCT)C2, and BSSS2(SCT)C1 and C3, 100 S^ lines were evaluated. In 
BS13{SCT)C1, 03, and C4, and BSSS2(SCT)C2 and 04, 144 S^ lines were 
evaluated (Mock and Bakri, 1976; Hoard, 1984). Index scores were used as 
the selection criteria in choosing the lines to form the next cycle. A 
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Smith-Hazel index, with economic weights of 1.0 for percentage emergence, 
-1.0 for emergence index, and 1.0 for seedling dry weight, was used for 
selection through the C2 of BS13(SCT) and C3 of BSSS2(SCT) (Mock and 
Sberhart, 1972). A desired gain index (Pesek and Baker, 1969) was used 
from BS13(SCT)C2 and BSSS2{SCT)C3 through the fifth cycle of each 
population (Mock and Bakri, 1976). 
Five cycles of S^ recurrent selection for cold tolerance were 
completed in both populations by 1978. The materials used in this study 
are listed in Table 1. The hybrid checks Mo 17 x A634 and B73 x Mo 17 had 
previously been shown to have relatively poor and good cold tolerance 
performance, respectively. 
Field Techniques 
Planting was done with a plot planter equipped with John Deere 
"Max-emerge" planter units. Three row plots were used with 76 cm row 
spacings. Plots were 5.49 m long, of which 0.91 m was an alley between 
plot ranges. Planting density was 31 seeds per row. Plots were later 
thinned to 24 seedlings/row (57,400 plants/ha or 23,230 plants/acre). With 
the exception of determination of physiological maturity, only plants in 
the middle row of the plot were used for evaluation. 
Five environments, Ames, Iowa in 1982, 1983, and 1984, and Ankeny, 
Iowa in 1983, and 1984, were utilized in this study. Field design was a 
split-plot in which sample dates were whole plots and entries subplots. 
Six replications were grown at Ames in 1982 and four replications in all 
other environments. 
Border ranges in the four 1983 and 1984 environments were utilized as 
randomized complete block designs to evaluate vertical root pulling 
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Table 1. Genotypes used throughout the course of this dissertation 
Entry Genotype 
No. 
1 BS13(SCT)C0 
2 BS13{SCT)C5 
3 BSSS2{SCT)C0 
4 BSSS2(SCT)C5 
5 BS13(SCT)C0 X BS13(SCT)C5 
6 BSSS2(SCT)C0 x BSSS2(SCT)C5 
7 BS13(SCT)C0 X BSSS2(SCT)C0 
8 BS13(SCT)C5 x BSSS2(SCT)C5 
9 MoT? X A634 
10 B73 X Mo17 
resistance. These plots were single rows and included six replications per 
environment• 
Traits Evaluated 
Timing of sample dates was determined by stage of plant development, 
days after planting, and/or growing degree days (GDD) after planting. GDD 
were calculated on a daily basis using the following formula proposed by 
Gilmore and Rogers (1958): GDD = ([Minimum temp. (°F) + maximum temp. (°F)] 
/ 2) - 50. If minimum daily temperature was below 50°F, 50 was substituted 
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as the minimum temperature in the formula. If the maximum daily 
temperature exceeded 86°F, 86 was used as the maximum temperature. 
The 1982 Ames experiment was used to determine the most efficient 
combination of plants sampled per plot, replications, and traits evaluated, 
to meet the objectives of this study. Table 2 contains the timing of 
sample dates used at Ames in 1982. Sample date 12 was 50% silk as observed 
and sample date 16 was physiological maturity as observed. 
Data for all five environments were evaluated on the basis of sample 
dates used at Ames and Ankeny in 1983 and 1984. Table 3 contains the 
timing of sample dates used in the 1983 and 1984 environments, and the 
corresponding sample dates from 1982 that were used for analysis. 
Reference to sample date number in the remainder of this dissertation will 
correspond to those numbers used in 1983 and 1984. A brief description of 
each sample date is provided in Table 4. 
Many traits were evaluated at various sample dates. Table 5 contains 
abbreviations of traits used throughout this thesis, along with a short 
description of each. The statistical analysis used in this study, which is 
thoroughly described later, was conducted on a plot basis. Consequently, 
plot means were calculated for those traits in which individual plant data 
were collected. Traits which involved calculation from data collected at 
more than one sample date were estimated from plot mean data on an 
individual replication basis in each environment. 
Prior to thinning, early stand counts were taken to determine the 
percentage of the 31 seeds/row that had emerged (PEMRG). Although plots 
were thinned to 24 seedlings/row as described earlier, final stand counts 
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Table 2. Listing of sample dates and the time they were executed in the 
1982 Ames environment 
Sample date Date Bays after GDD^ after 
No. planting planting 
Planting 24 April 
1 18 May 25 322.0 
2 2 June 40 489.5 
3 20 June 58 721.5 
4 21 June 59 734.5 
5 23 June 61 463.0 
6 27 June 65 843.5 
7 29 June 67 889.5 
8 2 July 70 935.5 
9 6 July 74 1041.5 
10 9 July 77 1105.0 
11 13 July 81 1291.5 
12 20 July -- 26 July 88-94 1367.0 - 1492.0 
13 10 Aug. 109 1926.0 
14 19 Aug. 118 2004.5 
15 7 Sept. 137 2332.5 
16 20 Sept - - 6 Oct. 150-166 2494.0 - 2673.0 
17 22 Oct. 182 2753.0 
^Growing degree days as described in the text-
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Table 3. Listing of sample dates and the time they were executed in the 
analyses of this study 
AMES 1982 
Sample Corresponding Date Days after GDD^ after 
date sample date planting planting 
no. ( Table 2 ) 
Planting 24 April 
1 2 2 June 40 489.5 
2 3 20 June 58 721.5 
3 5 23 June 61 763.0 
4 10 9 July 77 1105.0 
5 12 20 July-26 July 88-94 1367.0-1492.0 
6 13 10 Aug. 109 1926.0 
7 14 19 Aug. 118 2004.5 
8 15 7 Sept. 137 2332.5 
9 16 20 Sept.-6 Oct. 150-166 2494.0-2673.0 
10 17 22 Oct. 182 2753.0 
^Growing degree days as defined in the text. 
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Table 3. (Continued) 
AMES 1983 
Sample Date Days after GDD^ after 
date planting planting 
no. 
Planting 28 April 
1 13 June 
2 1 July 
3 11 July 
4 19 July 
5 25 July-5 Aug. 
6 19 Aug. 
7 30 Aug. 
8 8 Sept. 
9 23 Aug.-5 Oct. 
10 13 Oct. 
47 503.0 
65 905.0 
75 1124.0 
83 1342.5 
89-100 1501.5-1785 .0 
114 2134.5 
125 2422.5 
134 2611.5 
149-161 2753.5-2958 .5 
169 3002.5 
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Table 3. (Continued) 
ANKENY 1983 
Sample Date Days after GDD^ after 
date planting planting 
no. 
Planting 24 May 
1 16 June 24 415.0 
2 6 July 44 904.0 
3 15 July 53 1118.0 
4 22 July 60 1365.0 
5 23 July-7 Aug. 61-76 1365.0-1780 
6 22 Aug. 91 2197.0 
7 1 Sept. 101 2490.5 
8 
0 
13 Sept. 113 2762.5 
7 
10 1 Oct. 131 3011.5 
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Table 3. (Continued) 
AMES 1984 
Sample Date Days after GDD^ after 
date planting planting 
no. 
Planting 25 April 
1 5 June 41 440.5 
2 25 June 61 856.0 
3 July 69 1020.5 
4 10 July 76 1167.0 
5 20 July-1 Aug. 86-98 1383.5-1633.5 
6 16 Aug. 113 1972.5 
7 27 Aug. 124 2179.5 
8 5 Sept. 133 2337.5 
9 13 Sept.-24 Sept. 141-152 2463.5-2613.5 
10 8 Oct. 166 2700.0 
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Table 3. (Continued) 
ANKENY 1984 
Sample Date Days after GDD^ after 
date planting planting 
no. 
Planting 11 May 
1 7 June 28 374.0 
2 1 July 52 857.5 
3 9 July 60 1034.0 
4 13 July 64 1131.5 
5 21 July-5 Aug. 72-87 1390.5-1638.5 
6 20 Aug. 102 1990.0 
7 28 Aug. 110 2139.5 
8 7 Sept. 120 2307.0 
9 
10 9 Oct. 152 2664.0 
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Table 4. Brief description of traits evaluated at various sample dates 
Sample date Description 
No(s). 
1 - Used to evaluate early-
season growth 
2, 3, 4 - Used to determine number 
ovules on top ear 
5 - 50% silk as observed 
6, 7, 8 - Used to evaluate grain 
fill 
9 - Physiological maturity 
as observed 
10 - Final Harvest 
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Table 5. Abbreviations and descriptions of traits used in this 
dissertation 
Abbreviation Description 
CER1 COg exchange rate at sample dates 1, 3, and 6, 
CER3 respectively. 
CER5 
LEVI Number of collared leaves at sample dates 1, 3, and 
LEV3 6, respectively. 
LEV6 
CPDW Plant dry weight (bioraass) reduction through grain 
PCPDW fill and percentage reduction, respectively. 
DIS Days and growing degree days from ear initiation to 
GIS silk, respectively. 
DPBL Days and growing degree days from planting to black 
GPBL layer formation, respectively. 
DPI Days and growing degree days from planting to ear 
GPI initiation, respectively. 
DPP Days and growing degree days from planting to pollen 
GPP shed, respectively. 
DPS Days and growing degree days from planting to silk, 
GPS respectively. 
DPSI Interval (days) from pollen shed to silk. 
DRGF67 Rate of grain fill (grams/day) between sample dates 
DRGF78 6 and 7, 7 and 8, and 6 and 8, respectively. 
DRGF68 
GRGF67 Rate of grain fill (grams/100 growing degree days) 
GRGF78 between sample dates 6 and 7, 7 and 8, and 
GRGF68 6 and 8, respectively. 
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Table 5. (Continued) 
Abbreviation Description 
DRMOI Rate of kernel moisture loss from sample date 7 to 
GRMOI 10 (%/day and %/100 growing degree days, 
respectively). 
DROV Rate of total ovule formation per ear 
GROV (ovules/ear/day and ovules/ear/100 growing 
degree days, respectively). 
DSBL Days and growing degree days from silk to black 
GSBL layer formation, respectively. 
EARS Average number of ears/plant in a plot. 
EV Early vigor scores (on a scale of 1 to 9 with 9 being 
the most vigorous) . 
HI Harvest index. 
PEMRG Percentage emergence. 
PDW1 Plant dry weight at sample dates 1 and 6, 
PDW6 respectively. 
KABS Number of kernels/ear abscised from sample date 
6 to 10. 
LA3 Leaf area in sample dates 3 and 6, respectively. 
LA 6 
MOI9 Percentage kernel grain at sample dates 9 and 10 
Mono respectively. 
PROWS Number of ovules/row/ear at sample date 5 and 
PROW10 kernels/row/ear at sample date 10, respectively. 
R0W5 Number of ovule rows/ear at sample date 5 and 
•ROW10 kernel rows/ear at sample date 10, respectively. 
POVFIL Percentage of ovules/ear present at sample date 5 
filled at sample date 10. 
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Table 5. (Continued) 
Abbreviation Description 
RL Percentage of plants in a plot root lodged, stalk 
SL lodged, and with dropped ears, respectively. 
DE 
MGHA Grain yield expressed in megagrams/hectare and 
PYLD grams/plant, respectively. 
RTPULL Vertical root pulling strength (lbs) 
SG Stay green rating on a scale from 1 to 9 (1 being 
a dead plant). 
STAND Final stand count of center plot row. 
T0T5 Total number of ovules/ear at sample date 5 and 
TOT 10 kernels/ear at sample date 10. 
300KWT Weight in grams of 300 kernels at sample date 10. 
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(STAND) were taken to determine the amount of plant attrition that had 
occurred during the growing season. 
Dry weights (grams) of individual plants were estimated at sample 
dates 1, 6, and 8 (PDWl, PDW6, and PDW8, respectively) by harvesting and 
drying ten plants/plot, then dividing by ten. Ears were removed before 
2 harvest. Leaf areas (cm ) were measured on ten plants/plot using a Li-cor 
3000 area meter with the transparent belt conveyer accessory. Plot means 
for leaf area were estimated at sample dates 3 and 6 (LA3 and LA6). Number 
of collared leaves were visually estimated on a plot basis at sample dates 
1 (LEVI), 3 (LEV3), and 6 (LEV6). LEV6 represents total number of leaves 
formed, including the seedling leaf, for a given plot. 
Converted plant dry weight (CPDVJ) and percentage converted plant dry 
weight (PCPDW) were used to evaluate the amount of stalk weight 
translocated to the grain during grain filling. CPDW and PCPDW were 
calculated as follows: 
CPDW = PDW6 - PDW8, 
PCPDW = (CPDW / PDW6) X 100. 
Photosynthetic rates were assessed via the detached leaf technique 
developed by Pearce et al- (1976). CO^ exchange rates (mg 00^ dm~^ hour"'') 
were evaluated in 1982 at sample dates 1, 3, and 6 (CER1, CER3, and CER5, 
respectively) via plot means. Five plants/plot were measured in each of 
three replications. 
Number of initiated ovules (spiklet primordia) was determined by 
dissecting plants and placing the top ear in FAA solution to preserve it 
until it could be examined under a dissecting scope. Timing of sample 
dates to determine time of ear initiation and rate of ovule formation was 
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based on results of the 1982 study and research reported in the literature 
(Levings, 1956; Siemer et al., 1969; and Stappper and Arkin, 1980). 
Generally, ear initiation corresponded to the time B73 x Mo 17 had eight 
collared leaves, about 58 days and/or 800 growing degree days after 
planting. Rate of ovule formation, during the linear (or rapid) phase of 
ear growth, was estimated using least squares regression of plot means 
across sample dates 3 and 4. Sample date 3 was approximatly 15 days or 350 
growing degree days after the first plot had initiated an ear and attempts 
were made to execute sample date 13 ten days prior to silking. The timing 
of these dates was in concordance with observed results of Siemer et al. 
(1969) and Stapper and Arkin (1980). 
An ear is initiated when it is 0.5 mm long. This is the size when 
ovules are first visible (Siemer et al., 1969). In this study, ear 
initiation was recorded when at least half the plants measured had ears 0.5 
mm or longer. Four plants in each of three replications were evaluated in 
1982 and five plants in each of four replications in 1983 and 1984. 
Anaylysis was conducted on days and growing degree days from planting to 
initiation (DPI and GPI, respectively). 
Dates on which 50% of the plants in a plot displayed incipient pollen 
shed and silking were recorded. Days and growing degree days from planting 
to 50% pollen shed (DPP and GPP), from planting to 50% silk (DPS and GPS), 
and from initiation to 50% silk (DIS and GIS) were determined, as was the 
50% pollen shed to 50% silk interval in days (DPSI). 
Physiological maturity was considered to be black layer formation as 
ascertained by the technique of longitudinally splitting kernels as 
described by Bench and Shaw (1971). Six plants in plot border rows were 
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checked three times a week to determine the date of black layer formation. 
A plant was considered to be at black layer when all of the five kernels 
sampled had a distinct black layer formed. When three of the six plants 
were at black layer, that plot was recorded as being at physiological 
maturity. Days and growing degree days from planting to black layer (DPBL 
and GPL) and from 50% silk to black layer (DSBL and GSBL) were recorded. 
Total number of ovules or kernels on an ear (TOT) was determined by 
counting a representative row of ovules or kernels (PROW) and the number of 
rows (ROW), and computing the product. The mean number of ovules per ear 
at 50% silk (sample date 5) was based on ten random ears/plot in 1982 and 
15 random ears/plot in 1983 and 1984. T0T5, PR0W5, and R0W5 thus represent 
the total number, number per row, and number of rows of potential kernels 
per ear, respectively. Plot means for number of kernels per ear at sample 
dates 6 through 10 were based on all the ears in 1982 plots (average of 
21.9 plants/plot) and 15 ears in 1983 and 1984. 
POVFIL represented the percentage of ovules per ear present at sample 
date 5 that were filled kernels at final harvest (sample date 10). This 
trait was calculated as follows: 
POVFIL = (TOT10 X T0T5) / 100. 
The number of kernels per ear abscised after pollination (KABS) was 
calculated as the difference between TOT 10 and T0T6. 
Weight of 300 kernels was determined on a plot basis at sample dates 6 
through 10. Those ears which were used to determine kernel numbers we ne 
shelled as plot bulks after drying at 60°C for five to seven days. Grain 
was weighed and 300 kernel weight (300KWT) was calculated based on plot 
grain weight and number of kernels. 
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To determine kernel moisture, ten kernels were shelled off each of the 
ears used for counting kernels. These were weighed, dried for five to 
seven days at 60°C, and then weighed again. Percentage grain moisture 
(MOD was calculated for sample dates 7 through 10 by dividing the 
difference in wet and dry weights by wet weight and multiplying by 100. 
Stay green ratings (SG) were taken when most variability across plots 
was evident. A scale from 1 to 9 was used, where 1 represented plots with 
no green plant matter present. This trait was not evaluated in either 1983 
environment. 
Final grain weights were computed based on total shelled grain from 
the center row of a plot after drying at 60°C for five to seven days. 
Grain yields were expressed as grams/plant (PYLD) and M grams/hectare 
(MGHA). PYLD and MGHA were calculated as follows: 
PYLD = Plot yield / STAND, 
MGHA = Plot yield x 0.21527. 
Harvest index (HI) was computed by dividing PYLD by PDW8. Average 
number of ears/plant (EARS) was calculated by dividing the number of ears 
that produced grain in a given plot by STAND. 
Rates of ovule formation, grain fill, and dry down were determined by 
regressing TOT, 300KWT, and MOI on days and growing degree days after 
planting. Rates of ovule formation per day (DROV) and per 100 growing 
degree days (GROV) were calculated from sample date 3 to 4 as described 
previously. 
Johnson and Tanner (1972) separated grain fill into a lag period, a 
linear period, and a leveling off period. Sample dates 6 and 8 represent 
the beginning and ending of the linear filling period. Timing of these 
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sample dates was based on reports in the literature (reviewed by Stapper 
and Arkin, (1980)). Sample date 6 was executed 15 days after the last plot 
had silked and sample date 8 was executed 45 days after the first plot had 
silked. Sample date 7 was executed midway between sample dates 6 and 8. 
Rates of grain fill per day (DRGF) and per 100 growing degree days (GRGF) 
between sample dates 6 and 7, 7 and 8, and 6 and 8, were evaluated in this 
study. 
Percentage grain moisture (MOD was determined at sample dates 7 
through 10. Regression of MOI on all four of these sample dates was found 
to.explain most of the variation for moisture loss. Consequently, the 
estimates for rate of moisture loss used in the analysis of this study 
(loss per day (DRMOI) and per growing degree day (GRMOD) were based only 
on regression across this entire period. 
Vertical root pull resistance was evaluated in single row plots of the 
border ranges as a design separate from the main experiment in the 1983 and 
1984 environments. Approximately one week after silking, the first two 
plants in each plot were cut off at ground level and discarded. The next 
five plants were cut off two feet above the ground. A clamp and scale were 
extended from a tractor mounted hydraulic arm. Pounds (lbs) of force 
required to pull each root clump free was recorded. Plot means (RTPULL) 
were analyzed. 
Statistical Procedures 
Randomized complete block designs (RCBD) were used throughout this 
study. Analyses were done for each trait in each environment and across " 
environments. A mixed model was utilized with genotypes being considered 
fixed and replications (blocks) and environments considered random. 
51 
The 1982 experiment was designed to provide information on the 
combination of replications, plants sampled per plot, and traits evaluated, 
to best meet the objectives of this study. Consequently, analysis of the 
six replication RCBD conducted in 1982 in Ames included a subsample source 
of variation. The linear additive model used was as follows: 
^ijk = ™ + ^i ^ ®ij ^ijk 
where; 
is the observed value of the k^^ sample of the 
genotype in the i^^ replication, 
m is the experiment mean, 
r^ is the effect of the i^^ replication, 
gj is the effect of the genotype, 
e^j is the error associated with the genotype in the i^^ 
replication, and 
is the sampling error associated with the k^^ sample of 
the genotype in the i^^ replication. 
Ranges of values for i, j, and k varied with traits evaluated as described 
earlier. 
Components of the analysis of variance for the Ames 1982 experiment 
are presented in Table 6. Expected mean squares were calculated in 
accordance with Steel and Torrie (1980). 
To compare the efficiency of different combinations of replication 
(r) and samples per plot (s) the following was done. Estimates of within 
2 2 plot .(S^ ) and among plot (S ) variation were obtained for each trait. 
2 Variances of the mean (S_ ) were then plotted against assorted numbers of 
samples per plot for an array of different numbers of replication. The 
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Table 6. Components of analysis of variance utilized in 1982 
Source d.f. E(M.S.) 
2 2 2 Reps r - 1 a + so + sga 
2 2 2 Genotypes g - 1 + sa + rsG /( g  - 1) 
2 2 Error (r - 1)(g - 1) + sa 
2 Sampling Error rg(s - 1) a 
2 formula for S_ used was; 
X 
5-^ = (S^2 + sS^) /sr. 
Graphs for each trait were then visually evaluated and the number of r, s, 
and traits used in the remainder of this study were determined. 
The separate RCBD conducted on each of the five environments utilized 
the same linear additive model as was previously reported for the 1982 
environment, with the exception that analyses were based on plot means and 
consequently no sample source of variation was included. Table 7 contains 
the number of replications and number of samples going into each plot mean 
used in the course of this research. Components of the analysis of 
variance used for each of the five environments are presented in Table 8. 
Error mean square was used in all F-tests to determine if sources of 
variation were statistically significant. 
A combined analysis over the five environments was also conducted. 
The linear additive model utilized was as follows: 
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Table 7. Number of replications (r) and number of samples (s) in plot 
means in the 1982 environment and the 1983 and 1984 environments 
Traits 1982 1983 and 1984 
environment environments 
CER 6 5 0 0 
PDW 6 10 4 10 
LA 6 10 4 10 
Ovule counts 3 4 4 4 
Kernel counts, 6 all^ 4 15 
kernel moisture, 
300KWT 
RTPULL 0 0 6 5 
^All ears in the center row of a plot were used in determining a 
plot mean for these traits. 
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Table 8. Components of analysis of variance utilized for each of the five 
environments and based on plot means 
Source d.f. E(M.S.) 
Reps ( r - 1 ) a + ga^ 
Genotypes (G) (g - 1 ) 2 a 4- rG^ 
Checks vs. populations (G1) 1 2 0 + rCi '  
Among checks (G2) 1 2 a 4- rG2' 
Among populations (G3) (g -  3) 2 a + rGg^/ 
BS13(SCT) vs BSSS2(SCT)(G4) 1 2 a + ^64' 
2 Error (r -1)(5 -1) a 
where; 
is the mean observed value of the genotype in the 
replication within the i^^ environment, 
m is the grand mean, 
v^ is the effect of the i^^ environment, 
(r/v)^j is the effect of the replication within the i^^ 
environment, 
is the effect of the genotype. 
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is the interaction of the genotype and the i^^ 
environment, and 
e. is the error associated with the k^^ genotype in the 
1 JiC 
replication within the i^^ environment. 
Values for i were 1, 2, 3,...5; for k were 1, 2, 3,...10; and for j were 1, 
2, 3,...6 for the 1982 environment and 1, 2, 3, and 4 for all other 
environments. 
Components of the analysis of variance used in the combined analysis 
are presented in Table 9. Error mean squares were used to test genotypes 
by environments and reps/enviroments sources of variance in appropriate 
F-tests. If these sources of variance were not significantly different at 
the 0.05 level of probability, corresponding sums of squares were pooled to 
test significance of environments or genotypes sources of variation. If 
they were significant at 0.05, the interaction or reps/environments mean 
squares were used in the F-tests. 
Genetic Gain Model 
A model proposed by Hammond and Gardner (1974) and later modified by 
Smith (1979a) was used to determine the changes in allelic frequencies 
associated with the five cycles of recurrent selection for cold 
tolerance in the two maize populations. The model assumes that; 1) the CO 
populations were in Hardy-Weinberg equilibrium; 2) diploid inheritance 
exists; 3) two alleles per locus are possible; and 4) that epistasis for 
the traits in question is negligible. 
Smith (1979a) demonstrated that means of populations and population 
crosses could be expressed in terms of the mean of the base population (M), 
the average change in allelic frequency (Ap), the average effect of a gene 
Table 9. Components of the analysis of variance utilized In the combined analyses of plot means 
Source d.f. E(M.S.) 
Environments (e - 1) 2 a + + Ig/e -1)[Er.-(Er.^/Er 
Reps/Environments Z(r. - 1) 2 0 + 
Genotypes (G) (g - 1) 2 0 + (Sri/Ooj,/ + Er.G^/(g - 1) 
Checks vs populations (G1) 1 2 0 + (Sri/elo^,/ + Er.0^2 
Among checks (G2) 1 2 o + + Er^Og^ 
Among populations and crosses (03) ( g  -  3 )  2 0 + * + Er.GjZ/fg - 3) 
BS13(SCT) vs BSSS2(SCT) (G4) 1 2 0 + + 
Genotypes x Environments (s - 1)(e - 1) 2 o + 
G1 X Environments (e - 1) 2 0 + (Eri/ejOo,/ 
G2 X Environments (e - 1) 2 0 + (Zr\/e)oQ2E 
03 X Environments (s -• 3)(e - 1 ) 2 0 + 
04 X Environments (e - 1) 2 0 + 
Error •
H 
- 1)(g - 1) 2 0 
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substitution in the base population (a), and the change in inbreeding 
depression (R). Utilizing notation defined by Falconer (I960), these 
parameters can be defined as follows; 
2 2 M = p a + 2pqd - q a = a(p-q) + 2pqd, 
a = a + d(q-p), 
R = 2Ap^d, 
where: 
p = the frequency of the favorable allele, 
q = the frequency of the unfavorable allele, 
a = genotypic value of the homozygote with both favorable alleles, 
expressed as a deviation from the mid-homozygote value, and 
d = genotypic value of the heterozygote, expressed as a deviation 
from the mid-homozygote value. 
When crosses of populations from two separate sources are evaluated, the 
average heterosis exhibited between the two populations (H) can be 
assessed. The value of H is the product of the squared difference in gene 
frequency between the two populations and the genotypic value of the 
' 2 heterozygote (i.e., H = (p-p ) d ). 
Using the following regression formula, least squares estimates of the 
genetic effects could be obtained: Y = XB + E 
where; 
Y is a vector of population means, 
X is a matrix of coefficients, 
B is a vector of the genetic parameters, and 
E is a vector of errors. 
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The full model used in this study is presented in matrix form in Table 10. 
Entry means from each environment separately and weighted means for each 
entry in a combined analysis were used as elements of the Y vector. Least 
square estimates of the genetic parameters (the B vector) were obtained by 
solving the formula for B« In matrix form, this is represented by: B = 
'  - 1  '  2  ( X X )  X  Y .  T h r o u g h o u t  t h i s  d i s s e r t a t i o n ,  e s t i m a t e s  o f  A p a  a n d  2 A p  d  a r e  
expressed as net genetic changes per cycle of selection. The genetic 
parameters were considered to be significantly different from zero if they 
were twice their standard error (S.E._). U 
S.E.g = X (0-^2 /  n )]1/2 
where: 
= element in the i^^ row and i^^ column of the (X X)"'' 
matrix, 
2 
= the mean square used to test if the genotype source of 
variance in the analysis of variance was significant, and 
n = the number of observations (plots) used to estimate the Y vector. 
The Statistical Analysis System (SAS) software was used to conduct 
analyses in this dissertation (Anonymous, 1982). Least square estimates of 
the genetic parameters were obtained using the General Linear Models 
procedure as described below. A data set was constructed which contained 
the trait means and the corresponding row of the X matrix for each entry. 
The coefficients of the X matrix were assigned the variable names Ml3, M2, 
DPA13, DPA2, TDPD13, TDPD2, and H, which are the respective genetic 
parameters of the B matrix listed in Table 10. Table 11 contains an 
example data set in which arbitrary values for the mean of trait LA3 are 
Table 10. The matrix form^ of the regression model used In this study to estimate 
genetic effects 
BS13(SCT)C0 1 0 0 0 0 0 0 
I 
BS13{SCT)C0 
BS13(SCT)CN^ 1 0 2N 0 IN 0 0 BSSS2(SCT)C0 
BSSS2(SCT)C0 0 1 0 0 0 0 0 
^ P^BS13(SCT) 
BSSS2(SCT)CN 0 1 0 2N 0 IN 0 A P^BSSS2(SCT) + 
BS13(SCT)C0 X BS13(SCT)CN = 1 0 1M 0 0 0 0 2 
^BS13(SCT) 
BSSS2(SCT)C0 X BSSS2(SCT)CN 0 1 0 IN 0 0 0 2 
^BSSS2{SCT) 
BS13(SCT)C0 X BSSS2(SCT)C0 0.5 0.5 0 0 0 0 1 H 
BS13(SCT)CN X BSSS2(SCT)CN 0.5 0.5 IN IN 0 0 1 
-
E 
= XB + E as described in the text. 
represents the number of cycles of selection, throughout this study N = 5. 
Table 11. Example data set construction used to obtain least square estimates of the 
genetic parameters 
BS13(SCT)C0 10.0 10 0 0 0 0 0 
BS13(SCT)C5 15.2 10 2 0 10 0 
BSSS2(SCT)C0 11.0 0 1 0 0 0 0 0 
BSSS2(SCT)C5 13.0 0 10 2 0 10 
BS13(SCT)C0 X BS13(SCT)C5 16.4 10 10 0 0 0 
BSSS2(SCT)C0 X BSSS2(SCT)C5 16.3 0 10 10 0 0 
BS13(SCT)C0 X BSSS2(SCT)C0 12.7 110 0 0 0 1 
BS13(SCT)C5 X BSSS2(SCT)C5 18.4 11110 0 1 
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assigned. Using the following model statement in SAS, least square 
estimates for the genetic parameters (M13 through H) are printed: 
MODEL LA3 = M13 M2 DPA13 DPA2 TDPD13 TDPD2 H / NOINT P; 
The standard error of the estimates printed by this regression 
procedure (S-E.„) are calculated as; 
S.E.J = [Cii X 
where: 
= element in the i""^ row and i^^ column of the 
(X X)""' matrix, and 
2 
= the mean square for error printed for the above regression 
procedure. 
Consequently, the standard errors of the genetic parameters (S.E._) can 
G 
easily calculated: 
S.E.g = S.E.% X [iOp^ / n) / 0^2] 
where : 
S.E.^ = the standard error of the estimates provided by the 
regression program, 
2 
= the mean square used to test if the genotype source of 
variance in the analysis was significant, 
n = the number of observations (plots) used in estimating the means f 
LA3, and 
2 
= the error mean square provided by the regression program. 
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RESULTS 
The five environments utilized in this study provided an array of 
growing conditions. The 1982 Ames environment and the 1984 Ankeny 
environment received some moisture stress during the beginning of grain 
fill. For the most part, however, timely precipitation during the 
remainder of the season in these two environments provided near optimum 
growing conditions. In the 1984 Ames environment, an excessively wet 
spring and slight moisture stress during grain fill contributed to mediocre 
performance. Moderate moisture and heat stress were present at the Ames 
environment during grain fill in 1983 and subsequent performance was only 
fair. Relatively poor performance in the 1983 Ankeny environment resulted 
from severe moisture and heat stress following flowering. 
The various growing conditions had differing effects on some of the 58 
traits evaluated in this study and necessitated the presentation of results 
from each environment separately, instead of only in combined analyses. 
Due to the large amount of data available, however, discourse here 
concentrated on combined analyses, and pointed out inconsistencies across 
environments only when they are relevant to the objectives of the research. 
All ontogenetic traits, rate of grain filling, rate of ovule 
formation, and rate of grain moisture loss, were evaluated on the basis of 
days and growing degree days (GDD). In terms of the objectives of this 
study, however, no substantial differences existed between traits evaluated 
on these two bases. Consequently, only traits evaluated on the basis of 
GDD will be presented in this section. Results of traits evaluated on the 
basis of days are presented in the Appendix. 
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Results will be presented in five sections in accordance with the 
grouping of traits shown in Table 12. Within each of the five groups, 
analyses by environment and combined over environments were presented in 
three forms: 1) analysis of variance (anova); 2) means; and 3) genetic 
parameter estimates. Mean squares for sources of variation were considered 
to be significant if they were significantly different from zero at the 
0.05 level of probability when tested by the F statistic. Means were 
considered to be statistically different when tested by the least 
significant difference (LSD) at the 0.05 probability level. Genetic 
parameters were considered to be significant if they were twice their 
standard errors. 
Vegetative Traits 
Anovas and Means 
Percentage emergence (PEMRG) was evaluated in the two 1984 
environments. Significant variability for PEMRG was observed in the 1984 
Ames anova, but not in the 1984 Ankeny anova (Table 13). Variability of 
relative performance of entries was indicated further by significant 
genotype by environment, check vs population by environment, and BS13(SCT) 
vs BSSS2(SCT) by environment interactions. Among checks and among 
populations also were significant sources of variation in the combined 
analysis. 
Grand means of 78.1% for the Ames 1984 environment and 95.2% for the 
Ankeny 1984 environment for PERMG were significantly different (Table 14). 
Average performance of the three BS13(SCT) populations (the CO, C5, and CO 
X C5) for PEMRG was 82.7% in the combined analysis, which was not 
significantly different than that of the three BSSS2(SCT) populations 
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Table 12. Five groupings of the traits in this dissertation 
Grain Kernel 
Vegetative Ontogenetic Weight Number Agronomic 
PEMRG DPI* MGHA T0T5 MOI 9 
EV GPI PYLD PROWS MO110 
PDWl DPP* 300KWT ROWS DRMOI* 
PDW6 GPP DRGF67* DROV* GRMOI 
CPDW DPS* GRGF67 GROV RTPULL 
PCPDW GPS DRGF78* TOT 10 RL 
LA3 DPBL* GRGF78 PROW10 SL 
LA6 GPBL DRGF68* ROW 10 DE 
LEVI DPSI GRGF68 POVFIL SG 
LEV3 DIS* KABORT HI 
LEV6 GIS EARS 
CER1 DSBL* STAND 
CER3 GSBL 
CER6 
*Results from analyses of these traits are presented in the Appendix. 
Table 13. Mean squares from anovas of vegetative trait PEMRG (%) by environment 
and over environments 
Environment 
Source of Variation d.f. 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 1 5790.97** 
Reps/Environments 6 84.42 
Reps (by environment) 3 152.88 15.96 
Genotypes 9 370.81** 58.97 254.21 
Checks vs populations(G1) 1 599.38** 26.01 187.83 
Among checks(G2) 1 219.82 130.07 344.04* 
Among populations{G3) 7 278.73** 53.52 250.85** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 1264.31** 209.85 1252.17 
Error (by environment) 27 58.84 50.26 
Genotypes x Environments 9 112.57* 
G1 X Environments 1 437.57** 
G2 X Environments 1 5.85 
G3 X Environments 7 81.39 
G4 X Environments 1 221.99* 
Error 54 54.55 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, 
when tested by the F statistic. 
Table 14. Means of vegetative trait PEMRG (%) by environment and over environments 
Environment 
Ames Ankeny 
Genotype 1984 1984 Combined 
BS13(SCT)C0 61.3 88.7 75.0 
BS13(SCT)C5 71.8 92.7 82.3 
BSSS2(SCT)C0 83.1 98.4 90.7 
BSSS2(SCT)C5 84.7 97.6 91.1 
BS13(SCT)C0 X BS13(SCT)C5 72.6 96.8 84.7 
BSSS2(SCT)C0 X BSSS2(SCT)C5 81.5 100.0 90.7 
BS13(SCT)C0 X BSSS2(SCT)C0 71.0 96.8 83.9 
BS13(SCT)C5 X BSSS2(SCT)C5 83.9 ' 93.5 88.7 
Mo17 X A634 80.7 89.5 85.1 
B73 X Mo17 91.1 97.6 94.3 
Grand mean 78.1 95.2 86,7 
LSD (0.05) 11.1 10.3 12.0 
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(90.9%). The mean for BS13(SCT)C0 (75.0%) was not significantly different 
from that for BS13(SCT)C5 (82.3%), even though the difference was sizeable. 
The difference between the means of the CO and C5 cycles of BSSS2(SCT) for 
PEMRG were negligible (90.7% and 91.1%, respectively). 
Early vigor scores (EV), on a scale from 1 to 9, with 9 being for most 
vigorous growth, were evaluated in three anovas: Ames 1984, Ankeny 1984, 
and combined (Table 15). The only source of variation that was significant 
in these analyses was reps or reps within environments- The C5 cycles of 
both BS13(SCT) and BSSS2(SCT) had higher mean values for EV than the CO 
cycles in both environments (Table 16). However, even in the combined 
analysis, the means of 5.00 for BS13(SCT)C0 and of 5.25 for BSSS2(SCT)C0 
for EV were not statistically different from the means of 5.37 for 
BS13(SCT)C5 and of 6.13 for BSSS2(SCT)C5. 
Results for the trait plant dry weight at sample date 1 (PDW1) were 
very erratic. In the Ames 1982 anova of PDW1, genotypic variance, and all 
components of genotypic variance, were significant (Table 17). In 
contrast, only two sources of genotypic variance were significant in Ames 
1983 and Ankeny 1983 anovas, and none were significant in the Ames 1984 and 
Ankeny 1984 anovas. Genotype by environment interaction was a significant 
source of variation in the combined anova of PDW1. 
Environmental means for PDW1 were significantly different, with the 
grand mean of the 1983 Ankeny environment (5.45 g/plant) being more than 
twice that of any other environment (Table 18). There were no consistent 
trends across environments in comparisons of CO vs C5 cycles of either 
BS13(SCT) or BSSS2(SCT) and in none of the analyses were differences 
between the CO and C5 cycles significant. Means of the BS13(SCT) 
Table 15. Mean squares from anovas of vegetative trait EV (score of 1 to 9) by 
environment and over environments 
Environment 
Ames Ankeny 
Source of Variation d.f. 1984 1984 Combined 
Environments 1 0.61 
Reps/Environments 6 10.20** 
Reps (by environment) 3 10.49** 9.90** 
Genotypes 9 0.97 0.62 1.09 
Checks vs populatlons(G1) 1 2.76 0.01 1.25 
Among checks(G2) 1 0.50 1.13 1.56 
Among populations(03) 7 0.78 0.64 1.00 
BS13(SCT) vs BSSS2(SCT)(G4) 1 1.50 0.04 0.52 
Error (by environment) 27 0.95 1.25 
Genotypes x Environments 9 0.50 
G1 X Environments 1 1.51 
G2 X Environments 1 0.06 
G3 X Environments 7 0.42 
G4 X Environments 1 1.02 
Error 54 1.10 
**Signlflcant at the 0.01 level of probability when tested by the F 
statistic. 
Table 16. Means of vegetative trait EV (score of 1 to 9) by environment and over environments 
Environment 
Ames Ankeny 
Genotype 1984 1984 Combined 
BS13(SCT)C0 4.75 5.25 5.00 
BS13(SCT)C5 5.25 5.55 5.37 
BSSS2(SCT)C0 5.50 5.00 5.25 
BSSS2(SCT)C5 6.25 6.00 6.13 
BS13(SCT)C0 X BS13(SCT)C5 5.50 6.25 5.87 
BSSS2(SCT)C0 X BSSS2(SCT)C5 5.25 5.75 5.50 
BS13(SCT)C0 X BSSS2(SCT)C0 5.25 5.75 5.50 
BS13(SCT)C5 X BSSS2(SCT)C5 5.00 5.75 5.37 
Mo17 X A634 6.25 6.00 6.13 
B73 X Mo17 5.75 5.25 5.50 
Grand mean 5.47 5.65 5.56 
LSD (0.05) 1.42 1.62 1.01 
Table 17. Mean squares from anovas of vegetative trait PDW1 (g/plant) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation D . F . B  1982 1983 1983 1984 1984 Combined 
Environments 4 162.43** 
Reps/Environments 17 4.13** 
Reps (by environment) 3 0.301** 2.107 20.445 0.255* 0.065* 
Genotypes 9 0.239** 0.074 2.771 0.011 0.009 0.60 
Checks vs populations(GI) 1 0.527** 0.009 8.556* 0.006 0.018 0.88 
Among checks(02) 1 0.187** 0.012 11.520** 0.021 0.005 2.42 
Among populations(03) 7 0.204** 0.093* 0.695 0.010 0.008 0.30 
BS13(SCT) vs BSSS2(SGT)(OA) 1 0.112* 0.310** 2.053 0.003 0.013 1.27* 
Error (by environment) 27 0.023 0.036 1.439 0.022 0.020 
Genotypes x Environments 36 0.65** 
G1 X Environments 4 2.14** 
02 X Environments 4 2.47** 
03 X Environments 28 0.18 
04 X Environments 4 0.32 
Error 153 0.27 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Sienifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 18. Means of vegetative trait PDW1 (g/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 1.09 0.79 5.33 0.68 0.56 1.63 
BS13(SCT)C5 1.24 0.69 4.33 0.69 0.54 1.47 
BSSS2(SCT)C0 1.28 0.80 5.73 0.67 0.55 1.76 
BSSS2(SCT)C5 1.26 0.97 1.37 0.79 0.63 1.75 
BS13(SCT)C0 X BS13(SCT)C5 1.29 0.69 4.95 0.66 0.55 1.60 
BSSS2(SCT)C0 X BSSS2(SCT)C5 1.42 1.05 5.27 0.64 0.61 1.77 
RS13(SCT)C0 X BSSS2(SCT)C0 1.15 0.77 5.45 0.72 0.57 1.68 
BS13(SCT)C5 X BSSS2(SCT)C5 1.69 1.05 5.27 0.65 0.66 1.85 
Mo17 X A634 0.94 0.85 7.57 0.71 0.56 2.02 
B73 X Mo17 1.19 0.77 5.17 0.61 0.51 1.61 
Grand mean 1.25 0.84 5.45 0.68 0.57 1.71 
LSD (0.05) 0.17 0.27 1.74 0.21 0.21 0.49 
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populations for PDW1 were significantly lower than those of the BSSS2(SCT) 
populations (82.96 g/plant vs 90.85 g/plant). 
The relative performance of the ten entries for individual plant dry 
weights at sample date 6 (PWD6), in contrast to PDW1, was consistent. 
Genotype by environment interaction was not significant for PDW6 and 
neither were any of the components of this interaction (Table 19). The 
genotypes and among populations sources of variation were significant for 
this trait in the combined anova. 
The mean of BSSS2(SCT)C0 for PDW6 was significantly greater than that 
of BSSS2(SCT)C5 (139.11 vs 128.31 g/plant) (Table 20). Although the mean 
of BS13(SCT)C0 was also greater than the mean of BS13(SCT)C5 (141.22 vs 
132.73 g/plant), the difference in these means was not significant. The 
average of the means of the two check hybrids for PDW6 was 150.24 g/plant, 
and this was significantly greater than the average of the means of the 
other entries (126.32 g/plant). Check B73 x Mo17 had a significantly 
greater mean for PDW6 than Mo17 x A634 (161.85 vs 138.63 g/plant). 
Vegetative dry weight loss during grain fill was evaluated at two 
locations in 1983 and 1984. To estimate the converted plant dry weight, 
weight loss (CPDW) and percentage weight loss (PCPDW) from sample date 6 to 
sample date 8 was calculated. Coefficients of variation from the anovas of 
these traits (Tables 21 and 22) were very high. For example, in the 
combined analysis the coefficients of variation for CPDW was 108% and for 
PCPDW was 117%. In addition, negative values for these traits were 
calculated (Tables 23 and 24), which indicated an increase in stover 
weights during grain fill. Nevertheless, significant genetic variation in 
the combined analysis of both CPDW and PCPDW was observed, and the mean of 
Table 19. Mean squares from anovas of vegetative trait PDW6 (g/plant) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.® 1982 1983 1983 1984 1984 Combined 
Environments 4 6598.4** 
Reps/Environments 17 895.2** 
Reps (by environment) 3 296.3 886.9** 6417.7** 1395.6* 935.8* 
Genotypes 9 675.4** 360.5* 949.9** 718.8 346.3 2010.2** 
Checks vs populations(G1) 1 1911.4** 644.0* 3964.1* 122.1 35.6 4263.6** 
Among checks(02) 1 377.4 846.7* 2559.7** 1551.3* 1420.5* 6385.8** 
Among populations(G3) 7 541.4** 250.5 289.3 685.1 237.2 1063.2** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 240.3 21.9 242.6 1809.6* 37.5 544.7 
Error (by environment) 27 157.9 135.1 202.7 341.7 276.0 
Genotypes x Environments 36 249.1 
G1 X Environments 4 521.6 
G2 X Environments 4 207.0 
G3 X Environments 28 216.2 
04 X Environments 4 441.6 
Error 153 
' 
215.1 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 20. Means of vegetative trait PDW6 (g/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 
BS13(SCT)C5 
148.07 
134.70 
137.57 
126.33 
105.30 
125.93 
173.55 
150.47 
138.17 
125.25 
141.22 
132.73 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
145.22 
130.08 
135.13 
127.93 
129.07 
118.50 
146.50 
140.90 
136.73 
123.23 
139.11 
128.31 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
158.92 
150.98 
145.57 
140.70 
128.40 
131.13 
170.37 
154.90 
130.50 
126.47 
147.86 
141.76 
BS13(SCT)C0 X 
BS13(SCT)C5 X 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
153.28 
144.83 
141.05 
123.77 
125.95 
118.13 
171.75 
146.40 
142.13 
121.25 
147.42 
132.15 
Mo17 X A634 
873 X Mo17 
154.25 
165.47 
134.50 
155.07 
129.80 
165.57 
147.30 
175.15 
119.50 
146.15 
138.63 
161.85 
Grand mean 148.57 136.76 127.77 157.73 130.94 141.10 
LSD (0.05) 14.58 16.86 20.66 26.82 24.11 8.89 
Table 21. Mean squares from anovas of vegetative trait CPDW (g/plant) by environment and over 
environments 
Environment 
Ames Ankeny Ames Ankeny 
Source of Variation d.f. 1983 1983 1984 1984 Combined 
Environments 3 6187.3 
Reps/Environments 12 2204.1** 
Reps (by environment) 3 613.4 6417.7** 1630.9 154.3 
Genotypes 9 440.3 1366.1** 598.3 355.1 1142.3* 
Checks vs populations(G1) 1 1693.3* 4422.6** 86.0 258.3 1693.6 
Among checks(02) 1 26.3 423.4 882.0 285.6 1306.9 
Among populations(G3) 7 320.5 1064.1* 631.0 378.9 1040.0 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.6 285.7 1688.4 1480.5 957.0 
Error (by environment) 27 346.1 329.9 812.4 573.7 
Genotypes x Environments 27 539.2 
G1 X Environments 3 1588.9* 
G2 X Environments 3 103.5 
G3 X Environments 21 451.5 
G4 X Environments 3 832.7 
Error 108 515.6 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 22. Mean squares from anovas of vegetative trait PCPDW (%/plant) by environment and over 
environments 
Environment 
Source of Variation d.f. 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 3 2312.3 
Reps/Environments 12 1189.6** 
Reps (by environment) 3 352.1 3815.0** 544.3 47.0 
Genotypes 9 221.6 809.3** 245.1 208.5 560 .-5* 
Checks vs populatlons(G1) 1 709.9 2192.1** 84.2 176.9 650.0 
Among checks(G2) 1 28.7 18.3 120.6 89.7 226.3 
Among populations(G3) 7 179.A 724.7* 285.8 229.9 595.4* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.2 190.3 519.1 774.7 348.0 
Error (by environment) 27 196.4 219.3 275.9 266.7 
Genotypes x Environments 27 308.0 
G1 X Environments 3 837.7* 
G2 X Environments 3 10.3 
G3 X Environments 21 274.8 
G4 X Environments 3 378.8 
Error 108 239.6 
*,**Slgnlfleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 23. Means of vegetative trait CPDW (g/plant) by environment and over environments 
Environment 
Ames Ankeny Ames Ankeny 
Genotype 1983 1983 1984 1984 Combined 
BS13(SCT)C0 6.13 -10.85 32.30 22.10 12.42 
BS13(SCT)C5 -4.67 37.80 45.57 26.35 26.76 
BSSS2(SCT)C0 -1.70 18.50 17.55 16.60 12.74 
BSSS2(SCT)C5 -4.85 1.20 19.57 6.75 5.67 
BS13(SCT)C0 X BS13(SCT)C5 10.95 5.17 47.35 39.85 25.83 
BSSS2(SCT)C0 X BSSS2{SCT)C5 19.93 33.13 39.77 17.83 27.66 
BS13(SCT)C0 X BSSS2(SCT)C0 -0.95 21.83 46.85 19.03 21.69 
BS13(SCT)C5 X BSSS2(SCT)C5 -3.65 15.73 45.75 28.13 21.49 
Mo 17 X A634 17.10 34.33 22.93 9.75 21.03 
B73 X Mo17 20.73 48.87 43.93 21.70 33.81 
Grand mean 5.90 20.57 36.36 20.81 20.91 
LSD (0.05) 27.00 26.37 41.35 34.75 15.97 
Table 24. Means of vegetative trait PCPDW {%/plant) by environment and over environments 
Environment 
Ames Ankeny Ames Ankeny 
Genotype 1983 1983 1984 1984 Combined 
BS13{SCT)C0 4.40 -12. 39 17 .08 14 .51 5. 90 
BS13(SCT)C5 -4.13 28. 17 31 .00 19 .48 18. 74 
BSSS2(SCT)C0 -1.38 11. 68 8 .62 12 .01 7. 73 
BSSS2(SCT)C5 -4.97 -0. 31 12 .78 3 .82 2. 83 
BS13(SCT)Ç0 X BS13(SCT)C5 7.43 2. 68 25 .91 30 .05 16. 52 
BSSS2(SCT)C0 5 { BSSS2(SCT)C5 13.46 24. 44 24 .69 14 .12 19. 18 
BS13(SCT)C0 X BSSS2(SCT)C0 -2.62 16. 31 26 .54 13 .09 13. 33 
BS13(SCT)C5 X BSSS2(SCT)C5 -4.02 6. 83 31 .40 19 .40 13. 51 
MoT? X A634 9.66 26. 73 14 .74 7 .26 14. 60 
B73 X Mo17 13.45 29. 75 22 .51 13 .95 19. 91 
Grand mean 3.13 13. 43 21 .53 14 .81 13. 23 
LSD (0.05) 20.33 21. 49 24 .11 23 .69 11. 14 
BS13(SCT)C5 for PCPDW was significantly greater than that of BS13{SCT)C0 
(5.90% vs 18.74%). 
Leaf areas were evaluated at sample date 3 (LA3) and sample date 6 
(LA5). Reps within environments was the only significant source of 
variation in the combined anova of LA3 (Table 25) and the Ames 1982 
environment generally had greater mean values for LA3 than the others 
(Table 26). The mean of BSSS2(SCT)C5 for LA3 was 6162 cm^. This was 
2 
significantly greater than the mean of BSSS2(SCT)C0 (5704 cm ). 
Leaf areas o^" mature plants (LAS) was not significant across 
environments. The only genotype by environment variation found to be 
significant was checks vs populations by environments (Table 27). The 
genotypes source of variation was significant for LA6 in Ames 1982, Ankeny 
1983, and combined anovas, and the genetic variance among populations was 
significant in the 1982 and combined anovas. 
The two environments with greatest moisture stress during the growing 
season, Ames and Ankeny in 1983, also had lower overall mean values for LA6 
than the other environments (Table 28). The CO cycles had greater mean 
values for LA6 than the C5 cycles of both BS13(SCT) and BSSS2(SCT) in all 
six analyses, except for BS13(SCT) in the Ames 1983 analysis.' However, 
none of the differences were significant when tested by the LSD. 
In the few instances where differences for number of collared leaves 
at sample date 1 (LEVI) were statistically significant, actual differences 
were so minute that they probably had little practical significance. In 
the Ames 1982 and combined analyses of LEVI, the genotypic variation was 
significant (Table 29). However, in all six of the analyses, the only 
other componenets of genotypic variance that were significant involved 
2 Table 25. Mean squares from anovas of vegetative trait LA3 (cm /plant) by environment and over 
environments 
Environment 
•Ames Ames Ânkeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 
Reps/Environments 
4 
17 
3500334 
2187420** 
Reps (by environment) 3 765243 7670386** 2136960** 299611 1013016* 
Genotypes 9 1185982 633898 406105 588982 173817 1239054 
Checks vs populations(G1) 1 178815 1051251 2 1794306* 1311436 2024343 
Among checks(G2) 1 340707 915305 78745 458499 516331* 306609 
Among populations(G3) 7 1450647 534076 510886 435433 130983 1260077 
BS13(SCT) vs BSSS2(SCT)(G4) 1 252841 1378179 903479 433064 13123 1324916 
Error (by environment) 27 1583381 418819 272981 296344 115509 
Genotypes x Environments 36 413933 
G1 X Environments 4 309881 
G2 X Environments 4 483864 
G3 X Environments 28 418807 
G4 X Environments 4 508621 
Error 153 660463 
Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
2 Table 26. Means of vegetative trait LA3 (cm /plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 7225 5065 5521 5422 5203 5827 
BS13(SCT)C5 7586 4753 5953 4940 5070 5835 
BSSS2(SCT)C0 6284 5506 5775 5454 5213 5704 
BSSS2(SCT)C5 7389 5192 6470 5743 5401 6162 
BS13(SCT)C0 X BS13(SCT)C5 6863 5083 6157 5464 5338 5879 
BSSS2(SCT)C0 X BSSS2(SCT)C5 7497 5640 6551 5435 5138 6184 
BS13(SCT)C0 X BSSS2(SCT)C0 7760 5267 6000 5838 5596 6244 
BS13(SCT)C5 X BSSS2(SCT)C5 7654 5902 6380 6024 5484 6413 
Mo17 X A634 7250 6045 6002 5830 5195 6172 
873 X Mo17 7587 5360 6201 6309 5703 6357 
Grand mean 7310 5382 6101 5646 5334 6078 
LSD (0.05) 1460 939 759 791 493 216 
2 Table 27. Mean squares from anovas of vegetative trait LA6 (cm /plant) by environment and over 
environments 
Environment 
Source of Variation d.f.* 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 4925314 
Reps/Environments 17 1969818** 
Reps (by environment) 3 250283* 1636227 454782** 1076464 3544355** 
Genotypes 9 460802** 191250 11444552* 846895 303843 1250153** 
Checks vs populations(GI) 1 547788* 111297 5215765** 299541 116667 1804598 
Among checks(G2) 1 875340** 222505 1144433 35564 984402 1762347* 
Among populations(G3) 7 389156** 226814 562967 1040993 232645 109778** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 397110* 131039 653 513923 278943 817 
Error (by environment) 27 93581 383008 385195 467585 327908 
Genotypes x Environments 36 431864 
G1 X Environments 4 1265535** 
G2 X Environments 4 286706 
G3 X Environments 28 333505 
G4 X Environments 4 328680 
Error 153 303470 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
2 Table 28. Means of vegetative trait LA6 (cm /plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 6430 5511 3623 7054 6365 5854 
BS13(SCT)C5 6217 5674 3617 6569 5973 5665 
BSSS2(SCT)C0 6636 5629 4241 5943 6715 5906 
BSSS2(SCT)C5 6304 5206 3694 6397 6460 5675 
BS13(SCT)C0 X BS13{SCT)C5 6560 5965 4732 7155 6553 6237 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6937 5872 4006 7560 6363 6219 
BS13(SCT)C0 X BSSS2(SCT)C0 6831 5633 3978 7106 6685 6118 
BS13(SCT)C5 X BSSS2(SCT)C5 6752 5831 3873 6700 6627 6029 
Mo17 X A634 6079 5849 4495 6960 6251 5941 
B73 X MolT 6619 5744 5252 7093 6954 6359 
Grand mean 6541 5691 4151 6854 6495 6000 
LSD (0.05) 355 898 901 993 831 340 
Table 29. Mean squares from anovas of vegetative trait LEVI (leaves/plant) by environment and over 
environments 
Environment 
Source of Variation d.f.® 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 38.42** 
Reps/Environments 17 0.25** 
Reps (by environment) 3 0.119** 0.488*# 0.500** 0.157** 0.066 
Genotypes 9 0.084** 0.055 0.112 0.023 0.111 0.14** 
Checks vs populations(G1) 1 0.486** 0.072 0.049* 0.009 0.064 0.42** 
Among checks(G2) 1 0.163»* 0.211* 0.405 0.011 0.551* 0.56 
Among populations(G3) 7 0.015 0.030 0.079 0.026 0.054 0.03 
BS13(SCT) vs BSSS2(SCT)(OA) 1 0.018 0.027 0.060 0.001 0.007 0.01 
Error (by environment) 27 0.020 0.042 0.057 0.033 0.075 
Genotypes x Environments 36 0.06 
G1 X Environments 4 0.04 
G2 X Environments 4 0.24** 
G3 X Environments 28 0.04 
G4 X Environments 4 0.02 
Error 153 0.04 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Signiflcant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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comparisons with check varieties. Means of the C5 cycles of both BS13(SCT) 
and BSSS2(SCT) for LEVI were larger than those of the CO cycles, but in 
neither instance was the difference significant (Table 30). 
There were more significant differences observed in the analyses of 
number of collared leaves at sample date 3 (LEV3) than for LEVI. Again, 
however, the differences were of little practical significance. Anovas of 
LEV3 for separate environments differed greatly in the sources of variation 
found to be significant (Table 31). In the combined anova, with the 
exception of among checks, all components of genetic variance were 
significant. Environmental, genotype by environment, checks vs populations 
by environment, and BS13(SCT) vs BSSS2{SCT) by environment, also were 
significant sources of variation in the combined anova of LEV3. 
In BS13(SCT), the mean of the C5 cycle for LEV3 was greater than that 
of the CO cycle (11.96 vs 11.76 leaves/plant) (Table 32). Similarly, the 
mean of BSSS2{SCT)C5 was greater than that of BSSS2(SCT)C0 (2.04 vs 11.89 
leaves/plant), however, neither difference was significant. The two check 
hybrids had a significantly greater average mean for LEV3 than the other 
entries (12.53 vs 12.01 leaves/plant) and the check Mo17 x A634 had a 
significantly greater mean than B73 x Mo17 (12.85 vs 12.21 leaves/plant). 
Total number of leaves per plant at maturity was determined at sample 
date 6. The genotypes source of variation for LEV6 was significant in all 
anovas except Ames 1982 (Table 33). Genotypic variation among populations 
was significant for LEV6 in the 1982 and combined anovas. 
The contrast of CO vs C5 cycle means for LEV6 generally was consistent 
across environments (Table 34). The C5 cycles of both BS13(SCT) and 
BSSS2(SCT) had lower means for LEV6 than did the CO cycles. This 
Table 30. Means of vegetative trait LEVI (leaves/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 4.02 4.45 6.33 3.75 3.77 4.42 
BS13(SCT)C5 4.15 4.50 6.07 3.75 3.60 4.39 
BSSS2(SCT)C0 4.08 4.47 6.27 3.85 3.67 4.44 
BSSS2{SCT)C5 4.02 4.55 6.07 3.90 3.77 4.42 
BS13(SCT)C0 X BS13(SCT)C5 4.08 4.50 6.13 3.95 3.93 4.48 
BSSS2(SCT)C0 X BSSS2(SCT)C5 4.02 4.63 5.87 3.75 3.75 4.36 
BS13(SCT)C0 X BSSS2(SCT)C0 4.02 4.33 6.03 3.87 3.87 4.39 
BS13(SCT)C5 X BSSS2{SCT)C5 4.08 4.53 6.13 3.80 3.93 4.45 
Mo17 X A634 3.72 4.55 6.25 3.83 3.95 4.39 
B73 X Mo17 3.95 4.23 5.80 3.75 3.43 4.21 
Grand mean 4.01 4.47 6.09 3.82 3.77 4.39 
LSD (0.05) 0.16 0.30 0.35 0.27 0.40 0.16 
Table 31. Mean squares from anovas of vegetative trait LEV3 (leaves/plant) by environment and over 
environments 
Environment 
Source of Variation d . f . G  
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
•Environments 4 365.27** 
Reps/Environments 17 1.72** 
Reps (by environment) 3 2.579** 4.386** 0.503* 0.236** 0.200** 
Genotypes 9 1.857** 0.177 0.345* 0.202** 0.236** 1.54** 
Checks vs populations(G1) 1 8.400** 0.625* 0.484 0.900** 1.580** 7.87* 
Among checks(02) 1 5.471** 0.551* 1.051* 0.001 0.045 3.32 
Among populations(03) 7 0.329 0.059 0.224 0.131** 0.072 0.38** 
BS13(SCT) vs BSSS2(SCT)(04) 1 0.250 "0.034 0.282 0.327** 0.082 0.56* 
Error (by environment) 27 0.196 0.111 0.147 0.027 0.069 
Genotypes x Environments 36 0.22* 
G1 X Environments 4 0.61** 
G2 X Environments 4 0.75** 
03 X Environments 28 0.09 
04 X Environments 4 0.09 
Error 153 0.12 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 32. Means of vegetative trait LEV3 (leaves/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 15.43 11.93 10.87 9.25 9.50 11.76 
BS13(SCT)C5 16.00 11.97 10.83 9.35 9.63 11.96 
BSSS2(SCT)C0 15.77 11.93 10.93 9.37 9.53 11.89 
BSSS2(SCT)C5 15.87 11.73 11.07 9.67 9.93 12.04 
BS13(SCT)C0 X BS13(SCT)C5 15.78 12.03 11.17 9.40 9.63 11.98 
BSSS2(SCT)C0 X BSSS2(SCT)C5 16.08 12.05 11.53 9.65 9.65 12.18 
BS13(SCT)C0 X BSSS2(SCT)C0 16.00 12.05 11.30 9.55 9.75 12.12 
BS13{SCT)C5 X BSSS2{SCT)C5 16.18 12.13 11.00 9.75 9.63 12.14 
MoT? X A634 17.52 12.55 11.73 9.87 10.23 12.85 
B73 X Mo17 16.13 12.03 11.00 9.87 10.07 12.21 
Grand mean 16.08 12.04 11.14 9.57 9.75 12.11 
LSD (0.05) 0.51 0.48 0.56 0.24 0.38 0.29 
Table 33. Mean squares from anovas of vegetative trait LEV6 (leaves/plant) by environment and over 
environments 
Environment 
Source of Variation d . f . B  
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 37.21** 
Reps/Environments 17 0.89** 
Reps (by environment) 3 1.133** 0.692 0.842 0.748 0.896 
Genotypes 9 1.228** 1.595** 2.253** 1.307** 0.897 4.94** 
Checks vs populations(G1) 1 0.368 8.464** 12.939** 9.604** 3.335* 30.48* 
Among checks(G2) 1 0.021 0.001 0.281 0.281 0.005 0.01 
Among populations(G3) 7 1.523** 0.841 1.008 0.268 0.676 2.00** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 2.668** 0.027 1.260 0.304 0.020 0.03 
Error (by environment) 27 0.313 0.368 0.536 0.294 0.462 
Genotypes x Environments 36 • 0.66* 
01 X Environments 4 1.94** 
02 X Environments 4 0.15 
03 X Environments 28 0.55 
04 X Environments 4 1.07* 
Error 153 0.39 
degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 34. Means of vegetative trait LEV6 (leaves/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
22.47 
21.83 
20.57 
19.75 
20.75 
19.63 
21.40 
20.87 
20.87 
20.55 
21.33 
20.65 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
22.03 
21.28 
20.37 
20.15 
21.25 
20.87 
21.45 
21.17 
20.70 
20.75 
21.24 
20.89 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
22.87 
22.22 
19.75 
19.75 
20.63 
20.25 
21.13 
21.45 
21.05 
20.85 
21.25 
21.02 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
22.70 
22.10 
21.00 
19.95 
21.00 
20.50 
21.65 
21.57 
21.30 
19.90 
21.64 
20.92 
Mo 17 X A634 
873 X Mo17 
22.03 
21.95 
19.00 
19.03 
19.37 
19.00 
19.93 
20.30 
20.00 
20.00 
20.25 
20.24 
Grand mean 22.15 19.93 20.33 21.09 20.60 20.94 
LSD (0.05) 0.65 0.88 1.06 0.79 0.98 0.50 
difference was significant for BS13(SCT) (21.33 vs 20.65 leaves/plant), but 
not for BSSS2(SCT) (21.24 vs 20.89 leaves/plant). The average of the means 
for the two check hybrids for LEV6 was 20.24 leaves/plant, and this was 
significantly less than that of the populations (21.12 leaves/plant). 
COg exchange rates were evaluated at sample date 1 (CERl), sample date 
3 (CER3), and sample date 6 (CER6), in 1982. Genotypes were a significant 
source of variation for CERl, as were the component sources checks vs 
populations, among checks, and among populations (Table 35). In the anovas 
conducted on CER3 and CER6, the only sources of variation that were 
significant were checks vs populations for CER3 and reps for CER6. 
The only significant difference between CO vs C5 cycles for COg 
-? -1 
exchange rates was for CERl in BS13(SCT) (24.45 vs 21.93 mg CO^ dm hr 
for CO and C5 cycles, respectively) (Table 35). Means of check hybrids 
were significantly greater than means of the populations for CER3 (47.53 vs 
- 2  - 1  44.77 mg COg dm hr ). Means for CER3 were noticeably greater than those 
for CERl or CER5. 
Genetic parameters - vegetative traits 
Estimates of genetic parameters for percentage emergence (PEMRG) are 
presented in Table 37. Signs (positive vs negative) of each of the 
estimates were consistent across analyses. Parameters Ml3 and M2 are the 
least square estimates of BS13(SCT)C0 and BSSS2(SCT)C0, respectively. 
Estimates of these two parameters were significant for PEMRG, as they were 
for almost all other traits in this study. The estimate of Apa for 
BS13(SCT) (Apa(13)) was 1.61%/cycle in the combined analysis. This 
estimate, being greater than twice its standard error, was considered 
significant and indicates that selection for cold tolerance increased 
Table 35. Mean squares from anovas of vegetative traits CER1, CER3, and CER6 
- 2  - 1  (mg COg dm hr ) for the 1982 Ames environment 
< Trait 
Source of Variation d.f. CER1 CER3 CER6 
Reps 5 101.04** 11.96 115.42** 
Genotypes 9 12.42** 26.69 11.84 
Checks vs populations(G1) 1 21.54* 72.78* 8.58 
Among checks(G2) 1 28.58** 0.37 21.28 
Among populations(G3) 7 8.81* 23.87 10.95 
BS13(SCT) vs BSSS2(SCT)(G4) 1 3.29 5.14 0.18 
Error 45 3.49 14.85 17.30 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when 
tested by the F statistic. 
- 2  - 1  Table 36. Means of vegetative traits CER1, CER3, and CER6 (mg CO^ dm hr ) for the 1982 
Ames environment 
Trait 
Genotype CER1 CER3 CER6 
BS13(SCT)C0 24.45 44.91 26.11 
BS13(SCT)C5 21.93 45.21 25.01 
BSSS2(SCT)C0 24.30 00
 
23.61 
BSSS2(SCT)C5 23.18 45.41 27.54 
BS13(SCT)C0 X BS13(SCT)C5 24.79 46.28 24.77 
BSSS2(SCT)C0 X BSSS2(SCT)C5 25.51 47.23 24.31 
BS13(SCT)C0 X BSSS2(SCT)C0 25.26 42.05 26.57 
BS13(SCT)C5 X BSSS2{SCT)C5 23.21 45.59 24.16 
Mo17 X A634 24.03 47.70 22.98 
B73 X Mo 17 27.12 47.35 25.65 
Grand mean 24.38 45.32 25.07 
LSD (0.05) 2.17 4.47 4.83 
Table 37. Genetic parameter estimates of vegetative trait PEMRG (%) by environment and 
over environments 
Environment 
Ames Ankeny 
Parameter 1984 1984 Combined 
M13 60.75*±3.50 90.86*±3.24 75.81»±2.43 
Apa(13) 2.47 ±0.89 0.75 ±0.82 1.61*±0.61 
2Ap^d(13) -2.74 ±1.63 -1.13 ±1.50 -1.93 ±1.13 
M2 82.53*±3.50 100.54*±3.24 91.53*±2.43 
Apa(2) -0.11 ±0.89 -0.54 ±0.82 -0.32 +0.61 
2Ap^d(2) 0.65 ±1.63 0.48 ±1.50 0.56 ±1.13 
H -0.13 ±3.50 -1.07 ±3.24 -0.60 ±2.43 
PEMRG an average of 1.61% per cycle of recurrent selection. The estimate 
of Apa for BSSS2(SCT) {Apa(2)) was -0.32% and was not significant. 
Estimates of changes associated with genetic drift in BS13(SCT) and 
BSSS2(SCT) (2Ap^d(13) and 2Ap^d(2), respectively) were not 
significant for PEMRG. The estimate of the average mid-parent heterosis 
between the two populations (H) for PEMRG, also was not significant. 
Early vigor scores (EV) were evaluated in two environments and 
estimates of Apa(2) and K were positive in the Ames 1984 environment, but 
negative in the Ankeny 1984 environment (Table 38). Estimates of all other 
genetic paramenters for EV were consistent across the two environments. 
The only significant estimates for this trait in any of the analyses were 
for M13 and M2. In the combined analysis of EV, the estimates of Apa(13) 
2 2 
and 2Ap d(2) were positive and the estimates of Apa{2), 2Ap d(13), and H 
were negative. 
Six analyses were conducted to estimate genetic parameters for plant 
dry weight at sample date 1 (PDW1) (Table 39). The estimates of genetic 
parameters other than M13 and M2 were not consistent across environments. 
2 In the combined analysis, estimates of Apa and H were positive and of 2Ap d 
were negative, but none were significant. 
The only significant estimate of genetic change for plant dry weight 
2 
at sample date 6 (PDW5) was 2Ap d(13) in the 1982 Ames analysis (Table 
2 40). Estimates of 2Ap d(2) for PDW6 were negative in all analyses, but 
not significant in the combined analysis (-1.11 g/cycle). Estimates of 
2 Apa(13), 2AP d(13), Apa(2), and K, for PDW6 were negative in the combined 
analysis and none were significant. 
Table 38. Genetic parameter estimates of vegetative trait EV (score of 1 to 9) by 
environment and over environments 
Environment 
Ames Ankeny 
Parameter 1984 1984 Combined 
M13 4.87*±0.45 5.54*±0.51 5.21*+0.32 
&pa(13) 0.10 ±0.11 0.08 +0.13 0.09 ±0.08 
2Ap^d(13) -0.13 ±0.21 -0.17 ±0.24 -0.15 ±0.15 
M2 5.63*±0.45 5.29*±0.51 5.46*±0.32 
Apa(2| -0.10 ±0.11 0.03 ±0.13 -0.03 ±0.08 
2Ap^d(2) 0.33 ±0.21 0.07 ±0.24 0.20 ±0.15 
H -0.13 ±0.45 0.04 ±0.51 -0.04 ±0.32 
Table 39. Genetic parameter estimates of vegetative trait PDW1 (g/plant) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 1.058*±0.056 0.737*±0.086 5.224*±0.548 0.685*±0.067 0.554*±0.065 1.598*±0.099 
Apa(13) 0.054*±0.014 -0.006 ±0.022 -0.032 ±0.139 -0.006 ±0.017 0.001 ±0.017 0.007 ±0.025 
2Ap^d(13) -0.072*10.026 0.003 ±0.040 -0.114 ±0.255 0.015 ±0.031 -0.005 ±0.030 -0.038 ±0.046 
M2 1.247*±0.056 0.786*±0.086 5.624*±0.548 0.671*±0.067 0.540*±0.065 1.726*±0.099 
Apa(2) 0.041*±0.014 0.056*±0.022 -0.048 ±0.139 0.007 ±0.017 0.015 ±0.017 0.014 ±0.025 
2Ap^d(2) -0.081*±0.026 -0.077 ±0.040 0.045 ±0.255 0.018 ±0.031 -0.012 ±0.030 -0.023 ±0.046 
H 0.026 ±0.056 0.023 ±0.086 0.134 ±0.548 0.040 ±0.067 0.029 ±0.065 0.010 ±0.099 
Table 40. Genetic parameter estimates of vegetative trait PDW6 (g/plant) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 152.26*±4.68 142.72*±5.31 110.80*±6.50 178.65*±8.44 138.67*+?.58 145.31*±2.85 
Apa(13) 0.49+1.19 -0.46+1.34 2.42+1.64 -2.67+2.13 -1.73+1.92 -0.31+0.72 
2Ap^d(13) -4.50*±2.18 -2.37+2.47 -1.82+3.02 -0.29 ±9.80 0.78+3.52 -1.90+1.33 
M2 149.31*±4.68 140.27*±5.31 134.57*±6.50 151.60*±8.44 137.22*±7.58 143.20*±2.85 
Apa(2) -0.50 ±1.19 -0.94 ±1.34 -1.79 ±1.64 -0.36 ±2.13 -2.25 ±1.92 -1.11 ±0.72 
2Ap^d(2) -2.84 ±2.18 -0.59 ±2.47 0.36 ±3.02 -1.42 ±9.80 1.69 ±3.52 -0.76+1.33 
H -1.70 ±4.68 -5.58 ±5.31 -2.23 ±6.50 1.53 ±8.44 3.69 ±7.58 -0.93 ±2.85 
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Genetic parameter estimates for converted plant dry weight (CPDW) and 
percentage converted plant dry weight (PCPDW) were very similar in terms of 
sign and significance across analyses (Tables 41 and 42). Analyses of CPDW 
and PCPDW were two of the few instances in which all estimates of Ml3 and 
M2 were not significant. M13 estimates were negative for both CPDW and 
PCPDW in the Ankeny 1983 analysis, and not significant in the Ames 1983 or 
Ames 1984 analyses. M2 was not significant in the Ames 1983 or Ames 1984 
analyses of either CPDW or PCPDW. In the combined analysis of CPDW, 
estimates of 17.17 g/plant for M13 and 17.49 g/plant for M2 were 
significant. Estimates of Ml3 and M2 in the combined analysis of PCPDW 
(9.55% and 11.38%, respectively) also were significant. The estimate of 
2 2Ap d(2) for CPDW was -4.53 g/cycle in the combined analysis, and for PCPDW 
was -3.37%/cycle, however, only the estimate for PCPDW was significant. In 
2 the combined analyses of both traits the estimates of Apa(13), 2&p d(l3), 
and Apa(2) were positive and estimates of H were negative, but none of 
these estimates were significant. 
2 The signs of Apa and 2Ap d parameter estimates for leaf area at sample 
date 3 (LA3) varied from analysis to analysis and none were significant 
2 (Table 43). Estimates of Apa(13) and 2Ap d(2) were negative in the 
2 
combined analysis of LA3, and estimates of 2Ap d(13) and Apa(2) were 
positive, but none were significant. The estimate of H in the combined 
2 
analysis of LA3 (357 cm ) was significant. 
2 The sign and significance of Apa, 2Ap d, and H for leaf area at sample 
date 6 (DfA5), varied with environments (Table 44). Significant estimates 
2 
were observed for Apot(13) in the 1983 Ankeny analysis (156 cm /cycle), for 
2 2 2Ap d{13) in the Ankeny 1983 analysis (-347 cm /cycle) and combined 
Table 41. Genetic parameter estimates of vegetative trait CPDW (g/plant) by environment and over 
environments 
Environment 
Ames Ankeny Ames Ankeny 
Parameter 1983 1983 1984 1984 Combined 
M13 10.98 ± 8.49 -4.73 ± 8.29 38.70*±13.01 23.75*±10.93 17.17*± 5.13 
Apa(13) -0.98 ± 2.15 0.75 ± 2.10 0.45 ± 3.29 2.89 ± 2.77 0.78 ± 1.30 
2Ap^d(13) -1.17 ± 3.95 6.99 ± 3.85 0.87 ± 6.05 -5.26 ± 5.08 0.36 ± 2.38 
M2 3.16 ±8.49 24.63*± 8.29 23.95 ±13.01 18.25 ±10.93 17.49*± 5.13 
Apa(2) 2.38 ± 2.15 0.47 ± 2.10 1,89 ± 3.29 -0.41 ± 2.77 1.08 ± 1.30 
2Ap^d{2) -6.37 ± 3.95 -5.63 ± 3,85 -4.65 ± 6.05 -1.47 ± 5.08 -4.53 ± 2.38 
H -12.88 ±8.49 5.75 ± 8.29 9.13 ±13.01 -3.62 ±10.93 -0.40 ±5.13 
Table 42. Genetic parameter estimates of vegetative trait PCPDW (%/plant) by environment and over 
environments 
Environment 
Ames Ankeny Ames Ankeny 
Parameter 1983 1983 1984 1984 Combined 
M13 
ûpa(13) 
2h/à( 13) 
M2 
Apa(2) 
2Ap^d(2) 
7.61 ±6.40 
-0.68 ±1.62 
-0.99 ±2.97 
1.83 ±6.40 
1.68 ±1.62 
-4.73 ±2.97 
-10.55 +6.10 
-6.17 ±6.76 
0.53 ±1.71 
5.91 ±3.14 
17.90*±6.76 
0.06 ±1.71 
-3.77 ±3.14 
4.23 ±6.76 
20.42*±7.58 
0.43 ±1.92 
1.26 ±3.52 
11.96 ±7.58 
1.88 ±1.92 
-3.59 ±3.52 
7.01 ±7.58 
16.33*±7.45 
2.38 ±1.89 
-4.13 ±3.46 
13.83 ±7.45 
-0.31 ±1.89 
-1.39 ±3.46 
-3.81 ±7.45 
9.55*±3.57 
0.66 ±0.90 
0.51 ±1.66 
11.38*±3.57 
0.83 ±0.90 
-3.37*±1.66 
-0.78 +3.57 
2 Table 43. Genetic parameter estimates of vegetative trait LA3 (cm /plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 7385*±469 4984*±295 5693*±238 5395*±246 5232*±155 5887*+154 
Apa(13) -136 ±119 36 ±75 58 ± 60 19 ±63 15 ± 39 -14 ± 39 
2Ap^d(13) 313 ±218 -118 ±137 -65 ±111 -129 ±115 -63 ±72 17 ± 71 
M2 6443*±469 5426*±295 5947*±238 5427*±246 5242*±155 5764*±154 
Apa(2) 179 ±119 59 ± 75 86+60 7 ± 63 -27 +39 72 ± 39 
2Ap^d(2) -169 ±218 -165 ±137 -68 ±111 49'±115 85 ± 72 -64 ± 71 
H 687 ±469 143 ±295 8 ±238 454 ±246 331*+155 357*±154 
2 Table 44. Genetic parameter estimates of vegetative trait LA6 (cm /plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 6522*±114 5594*±282 3786*±283 7408*±312 6348*±261 5985*±108 
Apa(13) -3 ±29 57 ± 71 156*+ 72 -121 +79 45 ± 66 24 ± 27 
2Ap^d(13) -55 ± 53 -99 ±131 -347*±132 75 ±145 -164 ±121 -112*+ 50 
M2 6727*±114 5712*±282 4404*±283 6297*±312 6697*±261 6063*+108 
Apa(2) 24 ±29 15 + 71 -112 ± 72 182*± 79 -63 ±66 10 ± 27 
2ûp^d(2) -132*+ 53 -132 +131 83 ±132 -343*±145 79 ±121 -93 ± 50 
H 115 ±114 -103 ±282 -280 ±283 -100 ±312 180 ±261 -23 ±108 
104 
analysis (-112 cm^/cycle), and for Apa(2) (182 cm^/cycle) and 2Ap^d(2) 
2 (-343 cm /cycle) in the 1984 Ames analysis. Estimates of Apct were positive 
2 
and estimates of 2Ap d and H were negative in the combined analysis, but 
were not significant. 
Entry means for number of collared leaves at sample date 1 (LEVI) in 
Ames in 1983 exactly fit the model proposed by Smith (1979a), and, 
consequently, standard errors associated with the genetic parameter 
estimates were zero (Table 45). Across all analyses the estimates of 
2 Apa(13) were positive and estimates of 2Ap d(13) were negative. However, 
2 
only the estimate of 2Ap d{13) was significant in the combined analysis 
(-0.0037 leaves/cycle). With the exception of Ankeny 1984, all Apa(2) 
estimates for LEVI were negative, and with the exception of Ames 1983, all 
2 
estimates of 2Ap d(2) were positive. Neither estimate in the combined 
analysis, -0.009 leaves/cycle for Apa(2) or 0.018 leaves/cycle for 
2 2Ap d(2), was significant. Estimates of H for LEVI were negative in the 
1982 and the two 1983 analyses, positive in the two 1984 analyses, and 
negative, but not significant, in the combined analysis. 
The estimate of Apa(2) for number of collared leaves at sample date 3 
(LEV3) was positive in all analyses and significant in the combined 
analysis (0.026 leaves/cycle) (Table 46). Estimates of Apa(13), 2Ap^d(13), 
2 
and 2Ap d(2) for LEV3 were not consistently positive or negative across the 
analyses and none were significant in the combined analysis. The estimate 
of H in the combined analysis (0.129 leaves/plant) was significant. 
2 The estimates of Apa, 2Ap d, and H for number leaves at sample date 6 
(LEV6) were not significant or consistent across environments (Table 47). 
In the combined analysis, both estimates of Apa were negative (-0.044 
Table 45. Genetic parameter estimates of vegetative trait LEVI (leaves/plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 4.005*±0.053 4.450*±0.000 6.208*±0.344 3.775*±0.083 3.804*±0.125 4.408*±0.039 
Apa(13) 0.018 ±0.013 0.010*±0.000 0.007 ±0.087 0.030 ±0.021 0.018 ±0.032 0.017 ±0.010 
2Ap^d{13) -0.007 ±0.025 -0.010*±0.000 -0.040 ±0.160 -0.065 ±0.039 -0.077 ±0.058 -0.037 ±0.018 
M2 4.072*10.053 4.475*±0.000 6.158*±0.334 3.875*±0.083 3.704*±0.125 4.422*±0.039 
Apa(2) -0.009 ±0.013 -0.030*±0.000 -0.033 ±0.087 -0.035 ±0.021 0.003 ±0.032 -0.009 ±0.010 
2Ap^d(2) 0.007 ±0.025 -0.045*±0.000 0.050 ±0.160 0.075 ±0.039 0.007 ±0.058 0.018 ±0.018 
H -0.011 ±0.053 -0.137*±0.000 -0.042 ±0.344 0.025 ±0.083 0.092 ±0.125 -0.014 ±0.039 
2 Table 46. Genetic parameter estimates of vegetative trait LEV3,(cm /plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 15.514*±0.165 11.950*±0.152 11.075*10.175 9.287*±0.075 9.563*±0.120 11.845**0.043 
Apa(13) 0.038 ±0.042 0.010 ±0.039 -0.020 ±0.044 0.015 ±0.019 0.001 ±0.030 0.011 ±0.011 
2Ap^d(13) 0.022 ±0.077 -0.015 ±0.071 -0.010 ±0.081 -0.017 ±0.035 0.013 ±0.056 0.001 ±0.020 
M2 15.847*±0.165 11.950*±0.152 11.125*±0.175 9.413*±0.075 9.587*±0.120 11.972*±0.043 
ûpa(2) 0.031 ±0.042 0.015 ±0.039 0.040 ±0.044 0.040*±0.019 0.001 ±0.030 0.026*±0.011 
2Ap^d(2) -0.058 ±0.077 -0.075 ±0.071 -0.090 +0.081 -0.027 ±0.035 0.067 ±0.056 -0.039 ±0.020 
H 0.239 ±0.165 0.075 ±0.152 -0.001 ±0.175 0.163*±0.075 0.113 ±0.120 1.129*±0.043 
2 Table 47. Genetic parameter estimates of vegetative trait LEV6 (cm /plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 22.664*10.209 20.508*10.277 20.646*10.334 21.367*10.248 21.163*10.310 21.396*10.125 
Apa(13) 0.001 10.053 -0.138 10.070 0.017 10.085 -0.042 10.063 -0.080 10.078 -0.044 10.031 
2Ap^d(l3) -0.168 10.097 0.125 ±0.129 -0.237+0.155 -0.015+0.115 0.037+0.144 -0.062 ±0.058 
M2 22.231*10.209 20.308*10.277 21.146*10.334 21.417*10.248 21.987*10.310 21.310*10.125 
Apa(2) -0.042 10.053 -0.098 10.070 -0.158 10.085 0.013 10.063 -0.085 10.078 -0.071*10.031 
2Ap^d(2) -0.105 10.097 0.165 ±0.129 0.263 ±0.155 -0.075 10.115 0.123 10.144 0.058 10.058 
H 0.055 10.209 0.658 10.277 0.208 10.334 0.292 10.248 -0.063 10.310 0.214 10.125 
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leaves/cycle for BS13{SCT) and -0.071 leaves/cycle for BSSS2(SCT)), but 
only the Apa(2) estimate was significant. Neither the positive estimates 
2 2 
of 2Ap d(2) or H for LEV6, nor the negative estimate for 2Ap d(13), were 
statistically significant in the combined analysis. 
Table 48 contains the parameter estimates for CO^ exchange rates at 
sample dates 1, 3, and 6 (CER1, CER3, and CER6, respectively). With the 
exception of Ml3 and M2, the only genetic parameter that was significant 
- 2  - 1  for these traits was Apa(2) for CER3 (0.011 mg CO^ dm hr /cycle). 
Estimates of Apa(13) were negative for CER1 and CER4 and positive for CER3. 
2 2 
Estimates of 2Ap d(13), 2Ap d(2), and H were negative for CERI and CER3, 
and positive for CER6. Estimates of Apa(2) were positive for all three 
traits. 
Ontogenetic Traits 
Anovas and means 
In all six of the anovas of GDD from planting to ear initiation (GPI), 
genotypic variation was significant and in the Ames 1984 and combined 
anovas significant variation was observed among populations (Table 49). 
Environments and the checks vs populations by environments sources of 
variation were significant in the combined anova. 
With the exception of the BS13(SCT) population in the 1983 Ankeny 
environment, means for GPI were less for the C5 cycles than for the CO 
cycles (Table 50). The mean for the CO cycle of BS13(SCT) in the combined 
analysis were greater than that of the C5 cycle (880 vs 869 GDD), but the 
difference was not significant. The difference between means of the CO anS 
C5 cycles of BSSS2(SCT), however, was significant (862 vs 839 GDD). In the 
combined analysis, the check hybrids had significant lower means than did 
Table 48. Genetic parameter estimates of vegetative traits CER1, CER3, and CER6 
- 2  - 1  (mg COg dm hr ), for the 1982 environment 
Trait 
Parameter CER1 CER3 CER6 
M13 25.051*±0.696 45.505*+1.436 26.404+1.550 
Apa(13) -0.172 ±0.176 0.035 ±0.363 -0.385 ±0.392 
2Ap^d(13) -0.279 ±0.324 -0.130 ±0.668 0.491 ±0.720 
M2 24.897*±0.696 42.079*^1.436 23.907*^1.550 
Apa(2) 0.002 ±0.176 0.911*±0.363 0.021 ±0.392 
2Ap^d(2) -0.348 +0.324 -1.155 ±0.668 0.685 ±0.720 
H -0.314 ±0.696 -2.338 ±1.436 1.117 ±1.550 
Table 49. Mean squares from anovas of ontogenetic trait GPI by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 96995** 
Reps/Environments 17 6595** 
Reps (by environment) 3 9213** 1263** 2472 5160** 4374** 
Genotypes 9 3227** 3044** 6208** 3661** 1513** 14272** 
Checks vs populations(GI) 1 16089** 11765** 36165** 22196** 3792** 80607** 
Among checks(G2) 1 287 5126* 205 221 2064* 3007 
Among populations(G3) 7 1810 1501 2786 1504 1108** 4091** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 2091 6337** 509 3220* 731 10688** 
Error (by environment) 27 703 745 1867 680 277 
Genotypes x Environments 36 1300 
G1 X Environments 4 2332* 
G2 X Environments 4 1065 
G3 X Environments 28 1186 
G4 X Environments 4 545 
Error 153 865 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
3 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 50. Means of ontogenetic trait GPI by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 809 954 873 896 848 880 
BS13(SCT)C5 790 939 885 883 827 869 
BSSS2(SCT)C0 790 929 873 858 841 862 
BSSS2(SCT)C5 753 919 833 845 820 839 
BS13(SCT)C0 X BS13{SCT)C5 790 952 831 855 860 861 
BSSS2(SCT)C0 X BSSS2(SCT)C5 780 952 831 855 860 861 
BS13(SCT)C0 X BSSS2(SCT)C0 825 923 812 897 850 863 
BS13(SCT)C5 X BSSS2(SCT)C5 753 910 827 868 811 838 
Mo17 X A634 735 860 768 807 797 797 
B73 X MolT 721 911 779 , 817 829 816 
Grand mean 775 928 833 859 833 847 
LSD (0.05) 45 40 63 38 24 20 
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the populations for GPI (807 vs 859 GDD), and the means of the BS13{SCT) 
populations were significantly greater than those of the BSSS2(SCT) 
populations (870 vs 851 GDD). 
In the combined anova of GDD from planting to pollen shed (GPP), 
environmental, genotypic, and genotype by environment variation was 
significant (Table 51). There components of genotypic variance, and the 
checks vs populations by environments and BS13(SCT) vs BSSS2(SCT) by 
environments interactions, also were significant. 
The mean of BS13(SCT)C0 in the combined analysis of GPP was 
significantly greater than that of BS13(SCT)C5 (1533 vs 1493 GDD) (Table 
52). Similarly, the mean of the CO cycle of BSSS2(SCT) was significantly 
greater than that of the C5 cycle (1509 vs 1458 GDD). Check hybrids 
reached pollen shed in significantly fewer GDD than did the populations in 
all environments. This difference was primarily due to check Mo 17 x A634, 
which was consistently the first entry to shed pollen-
Of six anovas conducted on GDD from planting to silk (GPS), the only 
sources of genotypic variance that were not significant were BS13(SCT) vs 
BSSS2(SCT) in the Ankeny 1983, Ames 1984, and Ankeny 1984 anovas, and among 
populations in the combined anova (Table 53). Environments, genotypes by 
environments, among populations by environments, and BS13(SCT) vs 
BSSS2(SCT) by environments, were significant for GPS. 
As with GPP, the trend for the C5 cycles to be earlier than the CO 
cycles was indicated by significant differences for GPS among means (Table 
54). The CO cycle of BS13(SCT) silked an average of 52 GDD earlier than 
the C5 cycle (1561 vs 1509 GDD). The CO cycle of BSSS2(SCT) had a mean of 
1548 GDD for GPS, and the C5 cycle was on the average 66 GDD earlier. The 
Table 51. Mean squares from anovas of ontogenetic trait GPP by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 360373** 
Reps/Environments 17 10757** 
Reps (by environment) 3 890* 50753** 4056 423 4240 
Genotypes 9 5366** 9804** 12983** 7970** 10361** 39361** 
Checks vs populations(G1) 1 10560** 49897** 52689** 44943** 39548** 192453** 
Among checks(G2) 1 2465** 17113** 21580** 7081* 22525** 65409** 
Among populations(G3) 7 5039** 3033 6082* 2816* 4454 13770** 
BS13(SCT) vs BSSS2(SCT)(GA) 1 12507** 10859** 5355 2264 1080 17212 
Error (by environment) 27 278 1483 2269 948 1713 
Genotypes x Environments 36 2221** 
G1 X Environments 4 4892** 
G2 X Environments 4 2779 
G3 X Environments 28 1760 
G4 X Environments 4 3094* 
Error 153 1213 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Slgnlflcant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 52. Means of ontogenetic trait GPP by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 1440 1684 1563 1533 1492 1533 
BS13(SCT)C5 1399 1657 1514 1507 1436 1493 
BSSS2(SCT)C0 1400 1645 1568 1490 1496 1509 
BSSS2(SCT)C5 1346 1588 1453 1492 1468 1458 
BS13(SCT)C0 X BS13(SCT)C5 1397 1645 1528 1488 1445 1491 
BSSS2(SCT)C0 X BSSS2(SCT)C5 1379 1625 1494 1488 1449 1477 
BS13(SCT)C0 X BSSS2(SCT)C0 1399 1652 1543 1490 1527 1511 
BS13(SCT)C5 X BSSS2(SCT)C5 1359 1639 1494 1437 1436 1463 
Mo17 X A634 1343 1507 1377 1377 1337 1384 
B73 X Mo17 1371 1600 1481 1437 1443 1458 
Grand mean 1383 1642 1501 1474 1453 1478 
LSD (0.05) 19 56 69 45 60 29 
Table 53. Mean squares from anovas of ontogenetic trait GPS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 1220681** 
Reps/Environments 17 4703** 
Reps (by environment) 3 376 19422** 447 239 5917 
Genotypes 9 9557** 7159** 9421** 6760** 8693** 32558** 
Checks vs populations(G1) 1 29139** 33322** 20026** 37436** 17829** 133886** 
Among checks(G2) 1 1752* 8033** 7200** 6968* 9870* 32840** 
Among populatlons(G3) 7 7874** 3297** 8223** 2348* 7219* 3757 
BS13(SCT) vs BSSS2(SCT)(GA) 1 10609** 7975** 2321 626 5490 6377* 
Error (by environment) 27 395 758 844 978 2319 
Genotypes x Environments 36 2121** 
G1 X Environments 4 809 
G2 X Environments 4 868 
G3 X Environments 28 2487** 
G4 X Environments 4 466** 
Error 153 981 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 6 rep 
6 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 54. Means of ontogenetic trait GPS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 1337 1744 1721 1577 1539 1561 
BS13(SCT)C5 1311 1716 1603 1529 1485 1509 
BSSS2(SCT)C0 1328 1712 1677 1563 1571 1548 
BSSS2(SCT)C5 1237 1652 1603 1521 1521 1482 
BS13(SCT)C0 X BS13{SCT)C5 1303 1716 1618 1533 1491 1511 
BSSS2(SCT)C0 X BSSS2(SCT)C5 1284 1702 1603 1525 1513 1503 
BS13(SCT)C0 X BSSS2(SCT)C0 1319 1744 1603 1546 1594 1539 
BS13(SCT)G5 X BSSS2(SCT)C5 1251 1702 1603 1501 1474 1483 
Mo17 X A634 1229 1607 1543 1431 1436 1429 
873 X Mo17 1253 1671 1603 1490 1506 1482 
Grand mean 1285 1711 1618 1521 1513 1505 
LSD (0.05) 23 40 42 45 70 9 
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means of the three BS13(SCT) entries was significantly greater than that of 
the three BSSS2(SCT) entries (1527 vs 1511 GDD). Check variety Mo17 x A634 
was consistently the first entry to silk, and this is the principal reason 
the two check varieties were found to be significantly earlier than the 
populations. 
The duration of the period from planting to black layer formation was 
evaluated on the basis of GDD in the three Ames environments (GPBL). All 
interactions except among checks by environments were significant for GPBL 
(Table 55). In the combined anova, none of the sources of genotypic 
variance were significant. 
Comparisons of means of CO cycles vs means of C5 cycles for GPBL were 
not significant in any analysis (Table 56). The difference in means was 
only three GDD in the combined analysis (2659 vs 2656 GDD and 2617 vs 2620 
GDD for CO vs C5 of BS13(SCT) and BSSS2(SCT), respectively). The means of 
BSSS2(SCT) populations for GPBL were less than those of BS13(SCT) 
populations (2627 vs 2656 GDD) and the means of the two check hybrids were 
less than those of the eight other entries (2594 vs 2641 GDD). However, 
neither of these differences were significant. 
Results of the analyses for the interval between pollen shed and 
silking in days (DPSI) were very erratic. Genotypic variation was 
significant for DPSI in Ames 1982, Ankeny 1983, and Anes 1984 anovas, but 
not in Ames 1983, Ankeny 1984, or combined anovas (Table 57). Variation 
among populations was significant in Ames 1982 and Ames 1984 anovas, but in 
none of the others. Environments and interactions between environments and 
genotypes, checks vs populations, and BS13(SCT) vs BSSS2(SCT), were 
significant for DPSI in the combined analysis. 
Table 55. Mean squares from anovas of ontogenetic trait GPBL by, environment and over 
environments 
Environment 
Ames Ames Ames 
Source of Variation d.f.B 1982 1983 1984 Combined 
Environments 2 1147559** 
Reps/Environments 11 7212** 
Reps (by environment) 3 11402** 4960 2481 
Genotypes 9 8629** 5730** 3955 8667 
Checks vs populations(GI) 1 38115** 23064** 444 41419 
Among checks(G2) 1 432 0 8945* 2258 
Among populations(G3) 7 5588** 4072* 3744 4904 
BS13(SCT) vs BSSS2(SCT)(GA) 1 13650** 14211** 257 14787 
Error (by environment) 27 1062 1686 1778 
Genotypes x Environments 18 4411** 
G1 X Environments 2 6557* 
G2 X Environments 2 4006 
G3 X Environments 14 4163** 
G4 X Environments 2 5394* 
Error 139 1428 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which 
contained 6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 56. Means of ontogenetic trait GPBL by environment and over environments 
Environment 
Ames Ames Ames 
Genotype 1982 1983 1984 Combined 
BS13(SCT)C0 2590 2898 2522 2659 
BS13(SCT)C5 2562 2873 2579 2656 
BSSS2(SCT)C0 2556 2816 2508 2617 
BSSS2(SCT)C5 2536 2805 2560 2620 
BS13(SCT)C0 X BS13(SCT)C5 2623 2853 2497 2652 
BSSS2(SCT)C0 X BSSS2(SCT)C5 2565 2857 2549 2644 
BS13(SCT)C0 X BSSS2(SCT)C0 2618 2837 2540 2658 
BS13(SCT)C5 X BSSS2(SCT)C5 2566 2816 2497 2618 
Mo17 X A634 2520 2784 2490 2587 
B73 X Mo17 2508 2784 2557 2601 
Grand mean 2564 2844 2530 2631 
LSD (0.05) 38 60 61 53 
Table 57. Mean squares from anovas of ontogenetic trait DPSI by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d . f . *  1982 1983 1983 1984 1984 Combined 
Environments 4 65.51** 
Reps/Environments 17 4.71* 
Reps (by environment) 3 0.79 17.13** 6.49 0.43 1.33 
Genotypes 9 2.55** 1.27 6.03* 2.46** 1.89 2.58 
Checks vs populations(G1) 1 9.20** 3.31 13.23* 0.63 10.00* 6.13 
Among checks(02) 1 0.08 3.13 6.13 0.13 2.00 6.57* 
Among populations(G3) 7 1.95** 0.71 4.98 3.05** 0.71 1.51 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.44 0.37 1.04 1.04 0.67 3.45 
Error (by environment) 27 0.42 1.76 2.27 0.74 1.59 
Genotypes x Environments 36 2.98** 
G1 X Environments 4 8.32** 
G2 X Environments 4 1.41 
G3 X Environments 28 2.45** 
G4 X Environments 4 0.06 
Error 153 1.25 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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Check hybrid means for DPSI were less than those of the eight 
populations in the Ames 1983 analysis (2.4 vs 3.4 days), but the opposite 
relationship was significant in the Ankeny 1983 (5.4 vs 3.9 days), Ankeny 
1984 (4.0 vs 2.7 days), and combined (2.8 vs 2.5 days) analyses (Table 58). 
In the combined analysis, comparisons of DPSI means showed that the CO 
cycles of BS13(SCT) and BSSS2(SCT) were not significantly different from 
the C5 cycles. However, BS13(SCT)C5 had a significantly greater mean for 
DPSI than did BS13(SCT)C0 in the Ames 1982 analysis (0.7 vs 1.5 days) and 
the opposite relationship existed in the Ankeny 1983 (5.5 vs 3.3 days) and 
Ames 1984 (2.5 vs 1.3 days) analyses. In two of the six "analyses, the DPSI 
means for BSSS2(SCT)C0 were significantly greater than means for 
BSSS2(SCT)C5 (2-0 vs 0.5 days and 4.0 vs 1.5 days for Ames 1982 and Ames 
1984 analyses, respectively). Pollen to silk intervals were relatively 
smaller in the 1982 environment (grand mean of 1.03 days) and relatively 
larger in the 1983 Ankeny environment (grand mean of 4.2 days) than in the 
other environments. 
The trait GDD from ear initiation to silk (GIS) was evaluated in each 
of the five separate analyses and in a combined analysis. The only 
significant sources of variation in any of the five separate analyses of 
GIS were genotypes, among populations, and BS13(SCT) vs BSSS2(SCT), in the 
Ankeny 1984 anova (Table 59). In the combined anova, environments, 
genotypes, among checks, and among populations, were significant sources of 
variation. None of the interaction terms were significant for this trait. 
In all analyses, CO means of BS13(SCT) and BSSS2(SCT) were greater 
than C5 means for GIS and the differences between the CO and C5 cycles in 
the combined analysis were significant (Table 60). Respective means in the 
Table 58. Means of ontogenetic trait DPSI by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 0.7 2.3 5.5 2.5 2.3 2.5 
BS13(SCT)C5 1.5 2.3 3.3 1.3 3.0 2.2 
BSSS2{SCT)C0 2.0 2.5 3.7 4.0 3.5 3.1 
BSSS2(SCT)C5 0.5 2.5 5.5 1.5 2.5 2.3 
BS13(SCT)C0 X BS13(SCT)C5 1.2 2.7 3.3 2.5 2.7 2.4 
BSSS2(SCT)C0 X BSSS2(SCT)C5 1.5 3.0 4.0 2.0 3.0 2.6 
BS13(SCT)C0 X BSSS2(SCT)C0 1.8 3.5 2.3 3.0 2.7 2.6 
BS13(SCT)C5 X BSSS2(SCT)C5 0.7 2.5 4.0 2.7 2.3 2.3 
Mo 17 X A634 0.3 4.0 6.3 2.0 4.5 3.1 
B73 X Mo17 0.2 2.7 4.5 2.3 3.5 2.4 
Grand mean 1.0 2.7 4.2 2.4 3.0 2.5 
LSD (O.OSj 0.7 1.9 2.2 1.3 1.8 1.1 
Table 59. Mean squares from anovas of ontogenetic trait GIS by environment and over environments 
Environment 
Source of Variation d.f.* 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 416246** 
Reps/Environments 17 5653** 
Reps (by environment) 3 7295** 7033* 3181 6903* 4402 
Genotypes 9 1457 2783 5391* 2434 5412* 6435** 
Checks vs populations(G1) 1 703 5487 2368 1980 5176 2320 
Among checks(G2) 1 1261 325 4975 4709 2907 11918* 
Among populations(G3) 7 1592 2748 5883* 2174 5803* 6239** 
BS13(SCT) vs BSSS2(SCT)(GA) 1 1458 94 656 1006 10230* 536 
Error (by environment) 27 1130 2088 20488 1897 2206 
Genotypes x Environments 36 . 2650 
G1 X Environments 4 3185 
G2 X Environments 4 466 
G3 X Environments 28 2885 
G4 X Environments 4 3142 
Error 153 1927 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
3 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic• 
Table 60. Means of ontogenetic trait GIS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 528 790 848 681 691 717 
BS13(SCT)G5 514 777 718 645 658 670 
BSSS2(SCT)C0 539 783 804 705 730 721 
BSSS2(SCT)C5 487 733 769 675 700 683 
BS13(SCT)G0 X BS13(SCT)C5 529 765 787 678 630 686 
BSSS2(SCT)C0 X BSSS2{SCT)C5 492 803 749 663 672 685 
BS13(SCT)C0 X BSSS2(SCT)C0 477 821 791 649 744 708 
BS13(SCT)C5 X BSSS2(SCT)C5 493 793 776 633 663 681 
Mo 17 X A634 505 747 775 624 639 666 
B73 X Moi? 534 760 825 673 677 702 
Grand mean 510 783 784 663 680 692 
LSD (0.05) 58 66 66 63 68 29 
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combined analysis for the CO and C5 cycles of BS13(SCT) were 717 and 670 
GDD. Similarly, means for the CO and C5 of BSSS2{SCT) were 721 and 683 GDD. 
Means of check hybrid B73 x M017 were greater than means of check Mo 17 x 
A634 for GIS in all analyses, however, only in the combined analysis was 
this difference significant (656 vs 702 GDD). 
Length of the grain filling period was measured by GDD from silking to 
black layer (GSBL). This trait was evaluated in the three Ames analyses 
and in a combined analysis. Genotypic variation and variation among 
populations was significant in Ames 1982 and Ames 1984 anova of GSBL (Table 
61). However, neither genotypic variation nor any of the components of 
genotypic variance were significant in the Ames 1983 or combined anova. 
Environments and environments interactions with genotypes, checks vs 
populations, and among populations, were significant for GSBL. 
The means of the check hybrids for GSBL were significantly greater 
than those of the other eight entries in the Ames 1984 analysis (1063 vs 
995 GDD) (Table 62). The mean of BS13(SCT)C0 in the Ames 1984 analysis was 
significantly less than the BS13(SCT)C5 mean (946 vs 1183 GDD). Similarly, 
in the Ames 1982 analysis the mean of BSSS2(SCT)C0 for GSBL was less than 
the mean of BSSS2(SCT)C5 (1288 vs 1299 GDD). The environmental grand mean 
in the Ames 1982 analysis (1279 GDD) was on the average 107 GDD larger than 
the overall means of the other analyses (1136 GDD for Ames 1983 and 1008 
GDD for Ames 1984). 
Genetic parameters - ontogenetic traits 
With the exception of estimates of M13 and M2, none of the genetic 
parameter estimates for GDD from planting to ear initiation (GPI) had the 
Table 61. Mean squares from anovas of ontogenetic trait GSBL by environment and over 
environments 
Environment 
Source of Variation d.f.^ 
Ames 
1982 
Ames 
1983 
Ames 
1984 Combined 
Environments 2 8975535** 
Reps/Environments 11 9804** 
Reps (by environment) 3 9929** 16488** 2911 
Genotypes 9 5678** 3085 8585** 7633 
Checks vs populations(GI) 1 602 941 29727** 12567 
Among checks(G2) 1 3924 8033 123 6305 
Among populations(G3) 7 6654** 2684 6773* 7117 
BS13(SCT) vs BSSS2(SCT)(G4) 1 191 894 1685 1 
Error (by environment) 27 1709 2415 2207 
Genotypes x Environments 18 5010** 
G1 X Environments 2 11357** 
G2 X Environments 2 2597 
G3 X Environments 14 4447* 
G4 X Environments 2 1381 
Error 139 2037 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which 
contained 6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 62. Means of ontogenetic trait GSBL by environment and over environments 
Environment 
Ames Ames Ames 
Genotype 1982 1983 1984 Combined 
BS13(SCT)C0 1253 1154 946 1137 
BS13(SCT)C5 1251 1157 1050 1167 
BSSS2(SCT)C0 1228 1104 945 1112 
BSSS2(SCT)C5 1299 1153 1039 1183 
BS13(SCT)C0 X BS13(SCT)C5 1319 1137 963 1165 
BSSS2(SCT)C0 X BSSS2(SCT)C5 1281 1155 1025 1172 
BS13(SCT)C0 X BSSS2(SCT)C0 1299 1093 993 1153 
BS13(SGT)C5 X BSSS2{SCT)C5 1315 1114 995 1166 
MoT? X A634 1291 1177 1059 1192 
B73 X Mo17 1255 1114 1067 1161 
Grand mean 1279 1133 1008 1161 
LSD (0.05) 48 71 68 56 
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same sign across all analyses (Table 63). In the combined analysis, a 
significant estimate of -3.4 GDD/cycle was obtained for Apa(l3). The 
? 
negative estimates for Apa(2), 2Ap d(2), and H, and the positive estimate 
2 for 2Ap d(13), in the combined analysis, were not significant. 
Estimates of Apa for GDD from planting to pollen shed (GPP), for both 
BS13(SCT) and BSSS2(SCT), were negative in all analyses and significant in 
the combined analysis (Table 64). Estimates of -6.7 GDD/cycle for Apa(13) 
and -4.7 GDD/cycle for Apa(2) were obtained in the combined analysis. Both 
2 2 positive and negative estimates of 2Ap d(13), 2Ap d(2), and H, were 
obtained for GPP across analyses. In the combined analysis, the positive 
2 2 
estimates of 2Ap d(13) and 2Ap d(2), and negative estimates of H, were not 
significant. 
Genetic parameter estimates for GDD from planting to silking (GPS) 
(Table 65) closely paralleled estimates for GPP. Estimates of Apa(13) and 
Apoi(2) for GPS were negative in all analyses. Significant estimates of 
-7.4 GDD/cycle for Apa(13) and -6.4 GDD/cycle for Apa(2) were obtained from 
2 the combined analysis. Although estimates of 2Ap d( 13) were positive in 
all analyses of GPS, the estimate of this parameter in the combined 
2 
analysis was not significant. Estimates of 2Ap d{2) and H were 
inconsistent in regard to sign (positive vs negative) across analyses. In 
2 the combined analysis of the estimate of 2Ap d(2) was positive and estimate 
of H was negative. However, neither of these estimates were significant. 
The estimate of Apa(13) was negative and significant for GDD from 
planting to black layer (GPBL) in the Ames 1983 analysis and the estimate 
2 
of 2Ap d(13) was positive and significant in the Ames 1984 analysis (Table 
66). However, only the estimates of 2668.8 GDD for M13 and 2626.9 GDD for 
Table 63. Genetic parameter estimates of ontogenetic trait GPI by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 815.9*±14.0 950.9*±12.5 860.6*±19.7 894.9*±11.9 857.0*+ 7.6 861.1*+ 6.3 
Apa(13) -6.6 ± 3.5 0.8 ± 3.1 -3.4 ± 5.0 -7.7 + 3.0 -1.1 ± 1.9 -3.4*± 1.6 
2ûp^d(13) 8.1 ± 3.5 -3.9 ± 5.8 11.7 ± 9.2 13.0 ± 5.5 -3.7 ± 3.5 4.9 + 2.9 
M2 797.0*±14.0 925.7*±12.5 860.6*±19.7 856.6*±11.9 849.8*± 7.6 861.1 ± 6.3 
Apa(2) -4.8 ± 3.5 -4.7 ± 3.1 1.3 + 5.0 1.4 ± 3.0 -3.4 ± 1.9 -1.9 ± 1.6 
2Ap^d(2) 0.9 ± 6.5 8.1 ±5.8 -7.9 ± 9.2 -5.0 ± 5.5 0.9 ± 3.5 -0.7 ± 2.9 
H 11.4 ±14.0 -12.1 ±12.5 -35.5 ±19.7 22.7 ±11.9 -11.7 ±7.6 -5.9 ± 6.3 
Table 64. Genetic parameter estimates of ontogenetic trait GPP by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 1463.3* ±6.2 1676.6*±17.6 1553.0*±21.7 1533.6*±14.1 1492.0*±18.9 1529.0* ±7.0 
Apa(13) -7.0* ±1.6 -4.7 ± 4.5 -2.9 ± 5.5 -9.4*± 3.4 -9.4 ± 4.8 -6.7* ±1.8 
2Ap^d{13) 6.6* ±2.9 5.6+8.2 -2.0 ±10.1 13.5*± 6.5 7.6 ± 8.8 6.3 ±3.3 
M2 1396.3* ±6.2 1637.7*±17.6 1558.4*±21.7 1490.9*±14.1 1495.2**18.9 1504.8* ±7.0 
6pa(2) -2.7 ±1.6 -1.0 ± 4.5 -10.9 ± 5.5 -0.8 ± 3.5 -9.1 ± 4.8 -4.7* ±1.8 
2Ap^d(2) -4.7+2.9 -7.9+8.2 0.9+10.1 1.8+6.5 12.7 ± 8.8 0.1 ±3.3 
H -12.7*± 6.2 2.8 ±17.6 -2.7 ±21.7 -23.3 ±14.1 34.0 ±18.9 -1.5 ± 7.0 
Table 65. Genetic parameter estimates of ontogenetic trait GPS by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 1335.4*± 7.4 1744.4*±12.6 1691.8*±13.3 1570.7*±14.3 1541.1*±22.0 1554.7*+ 9.7 
Apa(13) -6.0*± 1.9 -5.8 ± 3.2 -8.9*± 3.3 -6.2 ± 3.6 -10.6 ± 5.6 -7.4*± 2.5 
2Ap^d(13) 7.3*± 3.4 5.9 ± 5.8 0.0 ± 6.2 4.1 ±6.6 9.9+10.2 5.6 ± 4.5 
M2 1326.5*+ 7.4 1712.4*±12.6 1647.6*±13.3 1556.8*±14.3 1573.7*±22.0 1541.8*+ 9.7 
6pa(2) -8.2*+ 1.9 -2.2 ± 3.2 -3.0 ± 3.3 -5.2 ± 3.6 -12.6*+ 5.6 -6.4 + 2.5 
2Ap^d(2) -1.5 ± 3.4 -7.7 ± 5.8 -2.9 ± 6.2 3.2 + 6.6 14.5 ±10.2 0.9 ± 4.5 
H -10.0 ± 7.4 14.5 ±12.6 -37.0*+13.3 -11.6 ±14.3 34.5 +22.0 -2.6 ± 9.7 
Table 66. Genetic parameter estimates of ontogenetic trait GPBL by environment and over 
environments 
Environment 
Ames Ames Ames 
Parameter 1982 1983 1984 Combined 
M13 2605.3*±12.1 2900.8*±18.7 2532,2*±19.3 2668.8*±15.7 
Apa(13) 0.3+3.1 -10.1*± 4.7 -9.1 ±4.9 -5.3 ± 4.0 
2Ap^d(13) -9.3 ± 5.6 14.7 ± 8.7 27.5 ± 8.9 8.1+7.3 
M2 2818.9*±12.1 2818.5*+18.7 2517.8*±19.3 2626.9*±15.7 
Apa(2) -4.5 ± 3.1 7.1 ± 4.7 4.4 ± 4.9 1.4 ± 4.0 
2Ap^d(2) 1.7 ± 5.6 -16.8 + 8.7 -0.3 ± 8.9 -4.1 ± 7.3 
H 14.1 ±12.1 -25.7 +18.7 4.9 ±19.3 0.1 +15.7 
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M2 were significant in the combined analysis of GPBL. Estimates of Apa(13) 
2 2 
and 2Ap d(2) were negative, and estimates of Apa(2), 2Ap d(13) and H were 
positive, in the combined analysis. 
Inconsistent estimates of genetic parameters other than Ml 3 and M2, in 
regard to being positive or negative across all analyses, were observed for 
the interval from pollen shed to silking (DPSI) (Table 67). Neither the 
2 
negative estimates of Apa(13), 2Ap d(13), Apa(2), and H, nor the positive 
2 
estimate of 2Ap d(2), were significant in the combined analysis of this 
trait. 
The sign (positive vs negative) of the genetic parameters other than 
Ml3 and M2 for GDD from ear initiation to silking (GIS) varied across the 
2 
analyses (Table 68). Estimates of Apa{13), Apa(2), and 2Ap d(13), were 
2 
negative, and estimates of 2Ap d(2) and H were positive, in the combined 
analysis. However, none of these estimates were significant. 
2 The significant estimate of 2Ap d{13) in the Ames 1982 analysis of GDD 
from silk to black layer (GSBL) was negative (-16.5 GDD/cycle), but the 
significant estimate of this parameter in the Ames 1984 analysis was 
positive (23.4 GDD/cycle) (Table 69). In the combined analysis, estimates 
2 2 
of 2Ap d(13) and Apa(2) were negative and estimates of Apa(13), 2Ap d(2), 
and H were positive. However, none of these parameter estimates were 
significant. 
Grain Weight Traits 
Anovas and means 
Grain yields were evaluated on the basis of megagrams per hectare 
(MGHA) in analyses for each of five environments separately and in a 
combined analysis. Genotypes and check vs populations sources of variation 
Table 67. Genetic parameter estimates of ontogenetic trait DPSI by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 0.B61*±0.243 2.583*10.606 4.875*10.688 2.208*10.393 2.333*10.576 2.417*10.305 
Apa(l3) 0.022 10.061 -0.033 10.153 -0.200 10.174 0.117 10.099 0.067 10.146 -0.003 10.077 
2Ap^d(13) '0.083 ±0.113 0.001 10.282 0.075 10.320 -0.425*10.182 0.001 10.268 -0.041 ±0.142 
M2 2.194*10.243 2.833*10.606 3.125*10.688 3.708*10.393 3.583*10.576 3.007 10.305 
Apa(2) -0.178*10.061 -0.033 10.153 0.300 +0.174 -0.283*10.099 -0.133 10.146 -0.076 10.077 
2Ap^d(2) 0.017 10.113 -0.001 10.282 -0.125 10.320 0.125 +0.182 0.050 10.286 0.014 10.142 
H 0.111 10.243 0.458 10.606 -1.125 10.688 0.333 ±0.393 -0.292 10.576 -0.083 10.305 
Table 68. Genetic parameter estimates of ontogenetic trait GIS by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 517.9*±17.7 793.5*±20.9 831.3*±20.7 675.8*+19.9 684.1*±21.4 710.1*± 9.5 
Apa(13) 4.3 ± 4,5 -6.6 ± 5.3 -5.5 ± 5.2 1.4 ± 5.0 -9.5 ± 5.4 -3.5 ± 2.4 
2Ap^d(13) -9.4 ± 8.2 9.8 ± 9.7 11.7 ±9.6 -8.9+9.2 13.7 ±10.0 -0.9 ± 4.4 
M2 528.1*±17.7 786.7*±20.9 787.0*±20.7 700.2*±19.9 723.9*±21.4 714.5*± 9.5 
Apa(2) -5.1 ± 4.5 2.5 ± 5.3 -4.3 ± 5.2 -6.6 ± 5.0 -9.2 ± 5.4 -4.5 ± 2.4 
2Ap^d(2) 2.0 ± 8.2 -15.7 ± 9.7 5.0 ± 9.6 8.2 ± 9.2 13.6 ±10.0 2.7 ± 4.4 
H -36.0*±17.7 26.7 ±20.9 -1.5 ±20.7 -34.3 ±19.9 46.2*±21.4 2.1 ± 9.5 
Table 69. Genetic parameter estimates of ontogenetic trait GSBL by environment and over 
environments 
Environment 
Ames Ames Ames 
Parameter 1982 1983 1984 Combined 
M13 
Apa(13) 
2Ap^d(13) 
< 
M2 
Apa(2) 
2Ap^d(2) 
1270.0*±15.A 
6.3 ± 3.9 
-16.5*± 7.1 
1245.4 ±15.4 
3.8 ± 3.9 
3.2 ± 7.1 
24.1 ±15.4 
1156.4*±20.6 
-4.3 ± 5.7 
8.8 ±10.4 
1106 . 1 *±20.6 
9.3 ± 5.7 
-9.2 ±10.4 
-40.2 ±20.6 
961.5*121.5 
-2.8 ± 5.4 
23.4*±10.0 
960.9*121.5 
9.6 ± 5.4 
-3.5 ±10.0 
16.4 ±21.5 
1149.4*±16.3 
0.7 ± 4.1 
2 .1  ±  7 . 6  
1124.3*±16.3 
7.0 ± 4.1 
-2.3 ± 7.6 
3.5 +16.3 
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were significant in all anovas conducted on MGHA (Table 70). Genetic 
variation among the populations was significant only in the Ames 1982, Ames 
1984, and combined anovas. In the combined anova of MGHA, all sources of 
variation except BS13(SCT) vs BSSS2(SCT and the checks vs populations by 
environments interaction were significant. 
Environmental variation was significant for MGHA and the grand mean of 
the Ankeny 1983 environment was conspicuously smaller than the other 
environmental means (Table 71). For both BS13(SCT) and BSSS2{SCT), the 
rank of the mean of the CO cycle vs that of the C5 cycle was dependent on 
the environment being considered and the difference between the CO and 05 
cycle means were not significant in any analysis. In the combined 
analysis, the C5 cycle of BSSS2(SCT) yielded more than the CO cycle (4.311 
vs 4.232 Mg/ha) and the C5 cycle of BS13(SCT) yielded less than the CO 
cycle (4.223 vs 4.472 Mg/ha). The average of the means of the BS13(SCT) 
populations in the combined analysis (4.586 Mg/ha) was greater than that of 
the BSSS2(SCT) populations (4.401 Mg/ha), however, the difference was not 
significant. The check hybrids had significantly greater yields than did 
the populations in all analyses (6.805 vs 4.589 Mg/ha in the combined 
analysis), and means for B73 x Mo17 were significantly greater than those 
for M017 X A634 in all analyses except Ames 1983 and Ankeny 1983 (74.63 vs 
61.48 Mg/ha in the combined analysis). 
Expressing grain yield in terms of individual plant yields (PYLD), 
produced results very similar to MGHA. The sources of variation genotypes 
and checks vs populations were significant in all anovas of PYLD (Table 
72). Genetic variation among populations for PYLD was significant in the 
Ames 1982 and Ankeny 1984 anovas. In the combined anova, all sources of 
Table 70. Mean squares from anovas of grain weight trait MGHA (Mg/ha) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.B 1982 1983 1983 1984 1984 Combined 
Environments 4 102.246** 
Reps/Environments 17 2.738** 
Reps (by environment) 3 0.309 0.441 5.059** 0.713* 8.784** 
Genotypes 9 5.955** 0.392** 5.259* 5.542** 6.113** 23.144** 
Checks vs populations(G1) 1 31.471** 31.722** 41.967** 38.062** 32.409** 174.742** 
Among checks(G2) 1 10.137** 0.922 0.006 6.802** 8.020** 17.066* 
Among popLilations(G3) 7 1.713** 0.384 0.766 0.717** 2.084 2.356* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 1.184 0.031 0.294 0.073 8.038** 1.848 
Error (by environment) 27 0.306 0.371 0.562 0.201 0.913 
Genotypes x Environments 36 0.894** 
G1 X Environments 4 0.667 
G2 X Environments 4 1.720** 
G3 X Environments 28 0.808* 
G4 X Environments 4 2.123** 
Error 153 0.451 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 71. Means of grain weight trait MGHA (Mg/ha) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 5.885 3.857 2.089 3.693 6.130 4.472 
BS13{SCT)C5 5.567 4.169 4.867 3.707 5.134 4.223 
BSSS2(SCT)C0 6.312 3.879 1.646 3.693 4.588 4.232 
BSSS2(SCT)C5 5.915 3.960 2.147 3.862 4.870 4.311 
BS13(SCT)C0 X BS13(SCT)C5 6.217 4.619 2.787 4.681 6.439 5.064 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6.530 4.589 2.285 4.195 4.773 4.661 
BS13(SCT)C0 X BSSS2(SCT)C0 7.206 3.899 2.959 3.767 6.025 4.993 
BS13(SCT)C5 X BSSS2(SCT)C5 6.809 4.182 2.216 4.641 4.896 4.754 
Mo17 X A634 7.197 6.031 4.838 5.516 6.606 6.148 
B73 X Mo17 9.035 6.710 4.785 7.391 8.608 7.463 
Grand mean 6.667 4.589 2.762 4.518 5.807 5.032 
LSD (0.05) 0.642 0.884 1.087 0.651 1.386 0.595 
Table 72. Mean squares from anovas of grain weight trait PYLD (g/plant) by environment and over 
environments 
Environment 
Source of Variation d.f.* 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 41546.3** 
Reps/Environments 17 1305.7** 
Reps (by environment) 3 2664.8 116.2 2000.1** 1125.3** 3716.2** 
Genotypes 9 2624.8** 1325.8** 1958.1** 1888.8** 2119.9** 8418.5** 
Checks vs populations(G1) 1 17304.9** 10621.6** 15818.7** 13537.8** 10838.5** 66410.8** 
Among checks(02) 1 1243.6** 275.7 6.2 1062.0* 2378.1* 3308.9** 
Among populations(03) 7 725.0** 147.9 256.9 342.7 837.5* 863.8* 
BS13(SCT) vs BSSS2(SCT)(04) 1 337.6 1.3 151.6 228.5 3759.5** 1202.2 
Error (by environment) 27 149.0 137.0 222.6 151.4 332.6 
Genotypes x Environments 36 328.5* 
01 x Environments 4 94.0 
02 X Environments 4 367.5 
03 X Environments 28 356.3* 
G4 X Environments 4 913.1** 
Error 153 192.7 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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variation were significant except for BS13(SCT) vs BSSS2(SCT) and checks vs 
populations by environments and among checks by environments interactions. 
Environmental variation for PYLD was significant and, as with MGHA, 
the grand mean of the Ankeny 1983 environment was considerably smaller than 
the other environmental means (Table 73). The rank of the CO cycle 
relative to the C5 cycle of either BS13(SCT) or BSSS2(SCT) for PYLD varied 
from environment to environment and the differences were never significant. 
In contrast to MGHA, the CO cycles of both synthetics (91.69 g/plant for 
3S13(SCT) and 84.61 g/plant for BSSS2(SCT)) had higher means for PYLD than 
did the C5 cycles [84.96 g/plant for BS13(SCT) and 83.85 g/plant for 
BSSS2(SCT)). The BS13{SCT) populations had greater means for PYLD than did 
the BSSS2(SCT) populations (135.15 vs 91.28 g/plant), however, this 
difference was not significant. In all analyses of PYLD, the average of 
the means of the check hybrids was significantly greater than that of the 
other eight entries and in the combined analysis the difference was 43.87 
g/plant (135.15 vs 91.28 g/plant). In all analyses except Ankeny 1983, the 
check hybrid B73 x Mo17 had greater means for PYLD than the check Mo 17 x 
A634. The mean for B73 x Mo17 in the combined analysis (144.07 g/plant) 
was significantly greater than that of Mo17 x A634 (126.24 g/plant). 
The genotypes and checks vs populations sources of variation were 
significant in the Ames 1982, Ankeny 1983, Ames 1984, Ankeny 1984, and 
combined anovas conducted on 300-kernel weights at final harvest {300KWT) 
(Table 74). The genetic variation among populations for 300KWT was 
significant in the Ames 1982 and combined anovas. No sources of variation 
in the Ames 1983 anova were significant for this trait. In the combined 
anova of 300KWT, the genotypes, checks vs populations, and among 
Table 73. Means of grain weight trait PYLD (g/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ànkeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
117.95 
110.20 
74.65 
81.36 
40.99 
36.13 
89.58 
82.50 
122.17 
101.97 
91.69 
84.96 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
123.43 
114.61 
75.97 
78.29 
31.71 
40.89 
83.73 
76.45 
88.81 
93.63 
84.61 
83.85 
BS13(SGT)C0 X BS13(SCT)C5 
BSSS2{SCT)C0 X BSSS2(SCT)C5 
122.91 
131.40 
89.39 
89.73 
53.58 
43.03 
102.94 
96.33 
124.63 
91.23 
100.89 
94.08 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
143.37 
134.20 
74.66 
80.94 
55.43 
42.68 
76.88 
89.83 
114.68 
94.48 
97.58 
92.59 
Mo 17 X A634 
B73 X Mol7 
157.04 
177.40 
115.49 
127.23 
93.65 
91.89 
121.75 
144.79 
127.86 
162.35 
126.24 
144.07 
Grand mean 133.25 88.77 53.00 96.48 112.18 100.06 
LSD (0.05) 14.17 16.98 21.65 17.85 26.46 11.09 
Table 74. Mean squares from anovas of grain weight trait 300KWT (g/300 kernels) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 5022.69** 
Reps/Environments 17 143.13** 
Reps (by environment) 3 18.85 17.89 396.37** 209.60** 155.82 
Genotypes 9 213.35** 31.46 261.81* 102.76** 171.65* 549.29** 
Checks vs populations(GI) 1 730.81** 93.67 1738.16** 620.78** 801.10** 3437.80** 
Among checks(02) 1 748.66** 7.19 49.00 3.05 327.07* 307.05 
Among populations(G3) 7 62.96** 1.82 81.31 43.00 59.53 171.25** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 71.62* 33.19 9.38 28.70 24.08 145.64 
Error (by environment) 27 14.77 45.81 85.68 29.52 68.69 
Genotypes x Environments 36 52.81 
G1 X Environments 4 134.28* 
G2 X Environments 4 174.50** 
G3 X Environments 28 23.78 
G4 X Environments 4 2.23 
Error 153 44.88 
degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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populations sources of variation were significant. Environmental variance 
for 300KWT was significant, but the only genotype by environment 
interactions that were significant involved check hybrids. 
The rank of BS13{SCT)C0 relative to BS13(SCT)C5 for 300KWT was not 
consistent across environments (Table 75). The mean of BS13(SCT)C0 for 
300KWT in the combined analysis (66.26 g/300 kernels) was not significantly 
different from the mean of BS13(SCT)C5 (65.85 g/300 kernels). In contrast, 
in all analyses of 300KWT the C5 cycle of BSSS2(SCT) had greater means for 
300KWT than did the CO cycle and in the combined analysis the difference 
was significant (67.73 vs 61.50 g/300 kernels). The means of the check 
hybrids for 300KWT were significantly greater than those of the populations 
(76.79 vs 66.90 g/300 kernels). Check M017 x A634 had a significantly 
greater mean for 300KWT than did check B73 x Mo 17 (79.95 vs 73.64 g/300 
kernels)-
In the Ames 1982 anova, two sources of variation, genotypes and checks 
vs populations, were significant for rate of grain fill between sample 
dates 6 and 7 (GRGF67) (Table 76). No other separate environment anova 
revealed significant genotypic variation. Genotypic variation among 
populations was significant in the combined anova of GRGF67. Environmental 
variation, as well as the genotypes by environments and checks vs 
populations by environments interactions, also were significant. 
Entry means for GRGF67 are presented in Table 77. The relative 
magnitude of the means within environments was consistent for both 
populations. The means of BS13(SCT)C0 for GRGF67 were greater than those 
of BS13(SCT)C5 in all analyses, but the difference was not significant in 
the combined analysis (10-83 vs. 10.13 g/100 GDD). In contrast, means of 
Table 75. Means of grain weight trait 300KWT (g/300 kernels) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13{SCT)C5 
76.05 
76.23 
66.63 
68.16 
45.72 
46.86 
62.10 
60.69 
75.90 
72.09 
66.26 
65.85 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
71.45 
77.91 
62.26 
64.95 
43.35 
49.85 
64.16 
64.16 
76.67 
76.67 
61.50 
67.73 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
80.49 
74.96 
67.66 
68.19 
56.36 
51.90 
63.64 
59.18 
81.57 
77.98 
70.91 
67.21 
BS13(SCT)C0 X 
BS13(SCT)C5 X 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
76.23 
81.84 
62.24 
67'. 93 
55.06 
50.56 
57.42 
65.61 
73.81 
76.80 
65.98 
69.75 
MoT? X A634 
B73 X M017 
93.52 
77.72 
70.77 
68.88 
63.97 
68.91 
71.63 
70.40 
93.05 
80.26 
79.95 
73.64 
Grand mean 78.64 66.77 53.26 63.14 77.70 68.88 
LSD (0.05) 4.46 9.82 13.43 7.88 12.03 4.05 
Table 76. Mean squares from anovas of grain weight trait GRGF67 (g/100 CDD) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 432.337** 
Reps/Environments 17 21.637** 
Reps (by environment) 3 9.998** 4.081 12.751 8.839 80.274* 
Genotypes 9 11.219** 2.699 4.407 4.685 27.628 15.889 
Checks vs populations(G1) 1 84.471** 3.602 2.493 0.535 66.028 2.757 
Among checks(G2) 1 0.822 4.413 1.590 0.251 18.818 0.117 
Among populations(G3) 7 2.239 2.325 5.083 5.911 23.401 20.017** 
BS13(SCT) vs BSSS2(SCT)(G4| 1 0.589 2.854 2.182 1.401 11.327 5.280 
Error (by environment) 27 0.071 2.500 4.547 4.406 18.074 
Genotypes x Environments 36 8.675* 
01 X Environments 4 36.834** 
G2 X Environments 4 6.467 
G3 X Environments 28 4.968 
G4 X Environments 4 3.323 
Error 153 5.779 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 77. Means of grain weight trait GRGF67 (g/100 GDD) by environment and over environments. 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 9.47 8.59 6.26 12.83 17.69 10.83 
BS13(SCT)C5 8.83 8.00 5.89 11.34 17.23 10.13 
BSSS2(SCT)C0 8.42 8.23 5.22 9.11 13.71 8.89 
BSSS2(SCT)C5 9.28 10.17 7.86 12.14 46.15 10.95 
BS13(SCT)C0 X BS13(SCT)C5 8.99 8.81 7.83 10.77 13.41 9.87 
BSSS2(SCT)C0 X BSSS2(SCT)C5 8.83 9.07 5.08 12.24 14.34 9.81 
BS13(SCT)C0 X BSSS2(SCT)C0 9.33 9.03 7.06 10.62 16.15 10.34 
BS13(SCT)C5 X BSSS2(SCT)C5 10.46 9.95 7.47 12.29 20.70 12.02 
Mo17 X A634 11.91 8.99 6.76 11.88 14.49 10.92 
B73 X Mo17 12.43 10.43 7.65 11.53 11.43 10.86 
Grand mean 9.79 9.13 6.71 11.47 15.53 10.46 
LSD (0.05) 1.61 2.29 3.09 3.05 6.17 1.80 
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BSSS2(SCT)C0 were less than those of BSSS2(SCT)C5 in all analyses and the 
difference in the combined analysis was significant (8.89 vs 10.95 g/lOO 
GDD). None of the differences among check hybrids or between check hybrids 
and populations were significant for GRGF67. 
Genotypes and genetic variation among populations were significant in 
the combined anova of rate of grain fill between sample dates 7 and 8 
(GRGF78) (Table 78). Environmental variation also was significant for 
GRGF78, however, the only component of genotype by environment variation 
that was significant was the BS13(SCT) vs BSSS2(SCT) by environment 
interaction. 
With the exception of BSSS2(SCT)C0 vs BSSS2(SCT)C5 in the Ames 1982 
analysis, the CO cycles of both BS13(SCT) and BSSS2(SCT) had greater means 
for GRGF78 than did the C5 cycles (Table 79). The difference between 
BS13{SCT)C0 and BS13(SCT)C5 means in the combined analysis was not 
significant (9.43 and 8.26 g/100 GDD, respectively). In contrast, the 
difference between BSSS2(SCT)C0 and BSSS2(SCT)C5 means for GRGF78 in the 
combined analysis was significant (9.08 and 7.15 g/100 GDD, respectively). 
The means of the three BS13(SCT) populations for GRGF78 were not 
significantly different than those of the BSSS2(SCT) populations. Means 
among checks and between checks and populations were not significantly 
different. 
Least square regression estimates were computed across sample dates 6, 
7, and.8, to determine rate of grain fill from sample date 6 to 8 (GRGF68). 
The number of significant sources of genetic variation for GRGF68 varied 
from all sources of genetic variation being significant in the Ames 1982 
anova to no significant sources of variation in the Ames 1983 and Ankeny 
Table 78. Mean squares from anovas of grain weight trait GRGF78 (g/100 ODD) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 406.173** 
Reps/Environments 17 36.574** 
Reps (by environment) 3 2.170 2.374 21.082 80.201** 99.079** 
Genotypes 9 5.934* 7.559 12.473 23.483 15.249 18.637* 
Checks vs populations(GI) 1 0.976 5.376 22.590 1.285 37.232 0.089 
Among checks(G2) 1 17.231** 1.154 7.194 5.436 15.403 0.823 
Among populations(G3) 7 5.028 8.787 11.783 29.233 12.086 23.832* 
BS13(SCT) vs BSSS2(SCT)(GA) 1 22.917** 20.415 0.037 93.023* 14.782 44.553 
Error (by environment) 27 2.288 8.777 9.269 12.356 16.737 
Genotypes x Environments 36 11.915 
G1 X Environments 4 16.815 
G2 X Environments 4 11.601 
G3 X Environments 28 11.259 
G4 X Environments 4 25.607* 
Error 153 8.992 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 79. Means of grain weight trait GRGF78 (g/lOO GDD) by environment and over environments 
Environment 
f Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 198A 1984 Combined 
BS13(SCT)CG 12.31 10.90 4.78 10.95 6.74 9.43 
BS13{SCT)C5 12.27 8.67 3.09 10.49 4.77 8.26 
BSSS2(SCT)C0 10.93 8.43 5.99 11.20 7.94 9.08 
BSSS2(SCT)C5 11.49 5.40 4.11 5.36 7.19 7.15 
BS13(SCT)C0 X BS13(SCT)C5 12.44 8.42 4.42 11.29 7.05 9.06 
BSSS2(SCT)C0 X BSSS2(SCT)C5 9.81 8.63 1.95 4.36 8.14 6.87 
BS13(SCT)C0 X BSSS2(SCT)C0 10.85 8.42 5.47 9.35 6.18 8.31 
BS131SCT)C5 X BSSS2(SCT)C5 11.85 8.34 1.02 9.35 2.95 7.17 
Mo 17 X A63A 12.37 7.11 1.03 13.32 7.39 8.07 
B73 X Mo17 9.98 7.87 2.92 8.67 10.17 8.11 
Grand mean 11.43 8.22 3.48 9.13 6.85 8.15 
LSD (0.05) 1.75 4.30 4.42 1.54 5.94 1.83 
151 
1984 anovas (Table 80). The among populations source of variation was 
significant in combined anova. Environmental variation and all sources of 
genotype by environment interaction, except for check vs population by 
environment, also were significant for this trait. 
Means of BS13(SCT)C0 for GRGF68 were greater than means of BS13(SCT)C5 
in all analyses (Table 81). In the combined analysis the mean for 
BS13(SCT)C0 (10.07 g/100 GDD) was just short of being significantly greater 
than the mean for BS13(SCT)C5 (9.19 g/100 GDD). In the Ames 1984 analysis, 
BSSS2(SCT)C0 had a larger mean for GRGF68 than did BSSS2(SCT)C5. However, 
in all other analyses, the C5 cycle of BSSS2(SCT) had greater means for 
this trait than did the CO cycle. Means for BSSS2{SCT)C5 were larger than 
those for BSSS2(SCT)C0 in the combined analysis (9.25 vs 8.95 g/100 GDD), 
however, this difference was not significant. The means of the three 
BS13(SCT) populations for GRGF68 were not significantly different than 
those of the three BSSS2(SCT) populations. As with the other traits used 
to evaluate rate of grain fill, differences among the checks and between 
the checks and populations were not significant. 
Genetic parameter estimates - grain weight traits 
In all analyses except Ankeny 1984, estimates of Apa{13) for grain 
yield measured as megagrams per hectare (MGHA) were positive, indicating a 
correlated increase in grain yield with selection for cold tolerance (Table 
82). The estimate of Apa(13) in the combined analysis (0.034 Mg/ha/cycle) 
was not significant. Negative estimates of Apa(2) were observed in Ames 
1982, Ankeny 1983, and Ankeny 1984 analyses of MGHA and positive estimates 
were obtained in the Ames 1983 and Ames 1984 analyses. The estimate of 
Apa(2) in the combined analysis (0.002 Mg/ha/cycle) was not significant. 
Table 80. Mean squares from anovas of grain weight trait GRGF66 (g/100 GDD) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 
Reps/Environments 
4 
17 
Genotypes x Environments 36 
G1 X Environments 4 
G2 X Environments 4 
G3 X Environments 28 
G4 X Environments 4 
Error 153 
238.215** 
3.217** 
Reps (by environment) 3 0.654 0.878 4.372** 8.285** 3.605 
Genotypes 9 3.580** 0.979 3.686** 3.478* 0.847 3.706 
Checks vs populations(G1) 1 5.095** 0.134 2.036 0.801 0.054 0.448 
Among checks(G2) 1 6.395** 2.965 3.754 1.567 0.053 0.070 
Among populations(G3) 7 2.962** 0.816 3.911** 4.133* 1.074 4.690* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 12.169** 0.331 0.753 21.755** 0.380 14.902 
Error (by environment) 27 0.800 0.842 0.908 1.377 1.776 
2.127** 
1.775 
3.673* 
1.957* 
4.514** 
1.101  
Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 81. Means of grain weight trait GRGF68 (g/100 GDD) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 11.38 9.43 5.55 12.06 11.29 10.07 
BS13(SCT)C5 11.17 8.25 4.56 10.99 10.03 9.19 
BSSS2(SCT)C0 10.12 8.30 5.58 9.97 10.21 8.95 
BSSS2(SCT)C5 10.78 8.44 6.08 9.93 10.87 9.25 
BS13(SCT)C0 X BS13(SCT)C5 11.33 8.67 6.21 10.98 9.60 9.54 
BSSS2(SCT)C0 X BSSS2(SCT)C5 9.49 8.91 3.59 9.00 10.59 8.43 
BS13(SCT)C0 X BSSS2(SCT)C0 10.36 8.81 6.31 10.10 10.31 9.29 
BS13(SCT)C5 X BSSS2(SCT)C5 11.40 9.37 4.41 11.09 10.55 9.55 
Mo17 X A634 12.21 8.31 4.04 11.24 10.26 9.48 
B73 X Mol? 10.75 9.53 5.41 10.35 10.42 9.43 
Grand mean 10.90 8.80 5.17 10.51 10.41 9.32 
LSD (0.05) 1.04 1.33 1.38 1.70 1.93 0.89 
Table 82. Genetic parameter estimates of grain weight trait MGHA (Mg/ha) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 6.043*±0.206 4.055*±0.278 2.436#±0.342 3.801*±G.2G5 6.4Q0*±0.436 4.682*+0.175 
&pa(13) 0.003 ±0.052 0.073 ±0.070 0.001 ±0.087 0.157*±0.052 -0.046 ±0.11 0.034 ±0.044 
2Ap^d(13) -0.102 ±0.096 -0.123 ±0.129 -0.116 ±0.159 -0.331*±0.095 -0.160+0.203 -0.161 ±0.081 
M2 6.470*±0.206 4.077*±0.278 1.993*±0.342 3.801*±0.205 4.858*±0.436 4.442*±0.175 
Apa(2) -0.020 ±0.052 0.063 ±0.070 -0.011 ±0.087 0.059 ±0.052 -0.071 ±0.110 0.002 ±0.044 
2Ap^d(2) -0.072 ±0.096 -0.149 ±0.129 0.052 ±0.159 -0.106 ±0.095 0.145 ±0.203 -0.030 ±0.084 
H 0.792*±0.206 -0.365 ±0.278 0.398 ±0.342 -0.132 ±0.205 0.125 ±0.436 0.221 ±0.175 
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2 All analyses of MGHA had negative estimates for 2Ap d(l3) and the Ames 
2 1982, Ames 1983 and Ames 1984 analyses had negative estimates for 2Ap d(2). 
2 In the combined analysis, neither the estimate for 2Ap d(13) (-0.161 
2 Mg/ha/cycle) or the estimate for 2Ap d(2) (-0.030 Mg/ha/cycle) were 
significant. The estimate of H was significant in the Ames 1982 analysis 
of MGHA (0-792 Mg/ha), but was negative in the Ames 1983 and Ames 1984 
analyses and not significant in the combined analysis (0.221 Mg/ha). 
2 As with MGHA, estimates of 2Ap d( 13) in all analyses of grain yield 
measured as grams per plant (PYLD) were negative and the estimate in the 
combined analysis (-2.66 g/plant/cycle) was not significant (Table 83). 
2 Also similar to MGHA, estimates of Apa(13), Apa(2), 2Ap d(2), and H, were 
not consistently positive or negative across all analyses of PYLD. In the 
combined analysis the estimates of Apa(13), Apa{2), and H were positive and 
2 the estimate of 2Ap d(2) was negative, however, none of these estimates 
were significant. 
All estimates of Apa(13) and Apa{2) for 300 kernel weights at final 
harvest (300KWT) were positive (Table 84). In the combined analysis, the 
estimate of Apa{13) (0.49 g/300 kernels/cycle) was not significant and the 
estimate of Apa{2) (0.70 g/300 kernels/cycle) was significant. Of the five 
analysis conducted on 300KWT data from separate environments, one had a 
2 positive estimate for 2Ap d(13), two had positive estimates for H, and 
2 2 three had positive estimates for 2Ap d(2). Estimates of 2Ap d(13), 
2 2Ap d(2), and H, were all negative in the combined analysis, however, only 
2 the estimate of -1.28 g/300 kernels/cycle for 2Ap d(13) was significant. 
With the exception of estimates of Ml3 and M2, estimates of all 
genetic parameters for rate of grain fill between sample dates 6 and 7 
Table 83. Genetic parameter estimates of grain weight trait PYLD (g/plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 121.64*±4.55 T8.36*±5.31 47.10*±6,81 91.75*±5.62 126.35*±8.33 95.64*±3.67 
Apa(13)  -0.48 ±1.15 1.47 ±1.35 0.07 ±1.72 1.80 ±1.42 -1.18 ±2.11 0.26+0.93 
2Ap^d(13) -1.32 ±2.11 -2.33 ±2.48 -2.34 ±3.17 -5.59*±2.61 -2.51 ±3.87 -2.66+1.71 
M2 127.12*±4.55 79.67*±5.31  37.82*±6.81 85.90*±5.62 92.99*±8.33 88.55*+3.67 
Apa(2) 0.12 ±1.15 1.27 ±1.35 -0 .18  ±1.72 1.65 ±1.42 -1.19 ±2.11  0.31 ±0.93 
2Ap^d(2) -2.74 ±2.11 -2.82 ±2.48 0.97 ±3,17 -5.19 ±2.61  2.51 ±3.87  -1.57 ±1.71 
H 15.31*±4.55 -8.06 ±5.31 6.86 ±6.81 -14.11*±5.62 0.83 ±8.33 1.54 +3.67 
Table 84. Genetic parameter estimates of grain weight trait 300KWT (g/300 kernels) by environment 
and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 76.45*11.43 66.84*±3.09 49.67*±4.23 61.43*±2.48 77.86*±3.78 67.36*±1.25 
Apa(13) 0.73*±0.36 0.12 ±0.78 0.55 ±1.07 0.57 ±0.63 0.35 ±0.96 0.49 ±0.32 
2Ap^d(13) -1.51*±0.66 0.02 ±1.44 -1.66 ±1.96 -1.30 ±1.15 -1.85 ±1.76 -1.28*±0.58 
< 
M2 71.84*11.43 62.47*±3.09 47.30*±4.23 55.87*±2.48 70.87*±3.78 62.59*±1.25 
Apa{2) 0.55 ±0.36 1.10 ±0.78 0.13 ±1.07 0.79 ±0.63 1.03 ±0.96 0.70*±0.32 
2Ap^d(2) 0.12 ±0.66 -1.71 ±1.44 0.25 ±1.96 0.07 ±1.15 -0.90 ±1.76 -0.38 ±0.58 
H 1.70 ±1.43 -2.63 ±3.09 2.63 ±4.23 -0.11 ±2.48 -2.51 ±3.78 -0.09 ±1.25 
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{GRGF67) were inconsistent across analyses (Table 85). In the combined 
2 
analysis of GRGF67, estimates of Apa(13) and 2Ap d(2) were negative, and 
2 the estimate of 2Ap d(13) was positive, however, none of these estimates 
were significant. Estimates of 0.299 g/100 GDD/cycle for Apa(2) and of 
1.048 g/100 GDD for H in the combined analysis were significant. 
The signs (positive vs negative) of the genetic parameters other 
than M13 and M2 also varied from analysis to analysis for rate of grain 
fill between sample dates 7 and 8 (GRGF78) (Table 86). Estimates of 
2 Apa(13) and 2Ap d(2) were positive and not significant in the combined 
2 
analysis of GRGF78. Conversely, estimates of 2Ap d(13) and H were negative 
in the combined analysis, but again, the estimates were not significant. 
The estimate of Apa(2) was significant in the combined analysis of GRGF78 
(-0.346 g/100 GDD/cycle). 
The only estimates other than for Ml3 and M2 that were significant in 
the analyses of rate of grain fill between sample dates 6 and 8 (GRGF68) 
were in the Ankeny 1983 analyses for Apa(2) (-0.435 g/100 GDD/cycle) and 
2Ap^d(2) (0.95 g/100 GDD/cycle) (Table 87). In the combined analysis, the 
2 
estimates of Apa(13), Apa(2), and 2Ap d(13), were negative and estimates of 
2 2ap d(2) and H were positive. 
Kernel Number Traits 
Anovas and means 
Variation among the genotypes for total number of ovules/ear at 
silking (T0T5) was significant in each of the separate environment anovas 
(Table 88). Each of the components of genotypic variation was significant 
in at least two of the five separate anovas for T0T5 and genotypes and all 
component sources of genotypic variation except BS13(SCT) vs BSSS2(SCT) 
Table 85. Genetic parameter estimates of grain weight trait GRGF67 (g/100 GDD) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 9.274*±0.519 8.613*10.757 6.427*±0.974 12.727*±0.959 16.322*±1.940 10.546*±0.465 
Apa(13) -0.016 ±0.131 0.035 ±0.192 0.245 ±0.246 -0.371 ±0.243 -0.309 ±0.491 -0.077 ±0.118 
2Ap^d(13) -0.057 ±0.241 -0.193 ±0.352 -0.598 ±0.452 0.464 ±0.446 0.800 ±0.902 0.071 ±0.216 
M2 8.219*±0.519 8.256*±0.757 5.389*±n.974 9.009*±0.959 12.342*11.940 8.604*±0.465 
Apa(2) 0.162 ±0.131 0.158 ±0.192 -0.096 ±0.246 0.666*±0.243 0.673 10.491 0.299*10.118 
2Ap^d(2) -0.112 ±0.241 0.067 10.352 0.686 10.452 -0.704 10.446 -0.584 10.902 -0.128 10.216 
H 0.785 10.519 0.575 10.757 0.984 10.974 -0.150 10.959 3.180 11.940 1.048*10.465 
Table 86. Genetic parameter estimates of grain weight trait GRGF78 (g/100 GDD) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 11.976*±0.564 10.536*±1.352 4.789*±1.414 9.868*±1.605 7.366*±1.867 9.186*±0.594 
Apa(13) 0.160 ±0.143 -0.350 ±0.342 -0.076 ±0.358 0.501 ±0.406 -0.187 ±0.473 0.023 ±0.150 
2Ap^d(13) -0.261 ±0.262 0.327 ±0.628 -0.188 +0.657 -0.876 ±0.746 -0.146 ±0.868 -0.232 ±0.276 
M2 10.600*±0.564 8.062*±0.352 5.996*±1.414 10.119*±•.605 8.562*±1.867 8.843*±0.594 
Apa(2) -0.092 ±0.143 0.187 ±0.342 -0:810*±0.358 -0.935*±0.406 -0.209 ±0.473 -0.346*±0.150 
2Ap^d(2) 0.362 ±0.262 -0.906 ±0.628 1.244 ±0.657 0.918 ±0.746 0.145 ±0.868 0.353 ±0.276 
H -0.106 ±0.564 -0.512 ±1.352 0.070 ±1.414 0.446 ±1.605 -2.405 ±1.867 -0.465 +0.594 
Table 87. Genetic parameter estimates of grain weight trait GRGF68 (g/100 GDD) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 11.098*±0.333 9.315**0.420 5.649*±0.436 11.552*±0.536 11.031*±0.608 9.853*±0.268 
Apa(13) 0.105 ±0.084 -0.105 ±0.106 0.093 ±0.110 -0.013 ±0.136 -0.235 ±0.154 -0.019 ±0.068 
2Ap^d(13) -0.195 ±0.155 -0.001 ±0.195 -0.405 ±0.202 -0.085 ±0.249 0.269 ±0.283 -0.094 ±0.125 
M2 9.838*±0.333 8.812*±0.420 5.677*±0.436 9.462*±0.536 9.954*±0.608 8.733*±0.268 
Apa(2) -0.011 ±0.084 0.169 ±0.106 -0.435*±0.110 0.008 ±0.136 0.179 ±0.154 -0.017 ±0.068 
2Ap^d{2) 0.211 ±0.155 -0.287 ±0.195 0.951*±0.202 -0.039 ±0.249 -0.176 ±0.283 0.139 ±0.125 
H 0.178 ±0.333 0.177 ±0.420 0.550 ±0.436 0.097 ±0.536 0.079 ±0.608 0.213 ±0.268 
Table 88. Mean squares from anovas of kernel number trait T0T5 (ovules/ear) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of.Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 40835** 
Reps/Environments 17 4783* 
Reps (by environment) 3 1791 4358 7357** 2364 10036 
Genotypes 9 11874** 8425** 7097** 10826** 11494* 36482** 
Checks vs populations(G1) 1 15795** 16474** 14842** 737 451 27574** 
Among checks(02) 1 46625** 33143** 17206** 38753** 25436* 153353** 
Among populatlons(G3) 7 6350** 3744* 4547* 8278** 11076 21059** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 9571* 336 4334 962 25450* 10650 
Error (by environment) 27 1725 1497 1500 2278 5043 
Genotypes x Environments 36 2990 
G1 X Environments 4 4433 
G2 X Environments 4 636 
G3 X Environments 28 3130 
G4 X Environments 4 7022* 
Error 153 7328 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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were significant in the combined analysis. Environmental variation was 
significant for this trait, and the only interaction term which was 
significant was the BS13(SCT) vs BSSS2(SCT) by environment interaction. 
Relative magnitudes of means of BS13(SCT)C0 and BS13(SCT)C5 for T0T5 
were not consistent (Table 89). The mean of the CO cycle of BS13(SCT) was 
less than that of the C5 cycle in the combined analysis (777.1 vs 786.0 
ovules/ear), but the difference was not significant. In contrast, in all 
six analyses BSSS2(SCT)C0 had a higher mean value than did BSSS2(SCT)C5 for 
T0T5 and the difference in the combined analysis was significant (819.5 vs 
719.3 ovules/ear). The three BS13(SCT) population means were not 
significantly different than those of the BSSS2(SCT) populations. The 
me^s of the check hybrids for T0T5 were significantly less than those of 
the eight populations in the combined analysis (756.3 vs 787.8 ovules/ear), 
primarily because the mean for check Mo17 x A634 (696.3 ovules/ear) was the 
lowest of all ten entries. 
The genotypes source of variation was significant in all six anovas 
for number of ovules/row/ear at silking (PR0W5) and the among populations 
source of variation was significant for this trait in the Ames 1982, Ames 
1984, and combined anovas (Table 90). The only component of genotypic 
variation not significant in the combined anova was BS13(SCT) vs 
BSSS2(SCT). Environments and genotype by environment interaction also were 
sources of significant variation for PR0W5, as were among population by 
environment and BS13(SCT) vs BSSS2(SCT) by environment interactions. 
Means of CO vs C5 cycles for PR0W5 were similar to means for T0T5 
(Table 91). BS13{SCT)C0 means for PR0W5 were not consistently larger or 
smaller than BS13(SCT)C5 means and the difference in the combined analysis 
Table 89. Means of kernel number trait T0T5 (ovules/ear) by environment and over environments 
Environment 
Ames Ames Anlceny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
811.0 
806.5 
811.8 
788.5 
745.9 
809.7 
798.5 
760.8 
701.5 
754.8 
777.1 
786.0 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
834.3 
736.7 
854.0 
767.1 
841.3' 
767.5 
835.0 
695.9 
725.4 
620.7 
819.5 
719.3 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2{SCT)C0 X BSSS2(SCT)C5 
840.3 
789.0 
842.6 
798.9 
798.3 
825.7 
802.3 
792.8 
804.4 
719.2 
819.6 
785.5 
BS13(SCT)C0 X 
BS13(SCT)C5 X 
BSSS2(SCT)C0 
BSSS2{SCT)C5 
808.0 
784.0 
841.1 
796.3 
772.4 
827.6 
838.6 
775.2 
703.1 
743.7 
794.1 
785.2 
Mo17 X A634 
B73 X Mo17 
698.3 
823.0 
697.4 
826.1 
704.0 
796.8 
707.1 
846.3 
673.6 
786.4 
696.3 
816.4 
Grand mean 793.1 802.3 788.9 785.3 723.3 779.9 
LSD (0.05) 48.2 56.1 56.2 69.3 103.0 29.4 
Table 90. Mean squares from anovas of kernel number trait PR0W5 (ovules/row/ear) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.B 1982 1983 1983 1984 1984 Combined 
Environments A 144.13** 
Reps/Environments 17 21.26** 
Reps (by environment) 3 8.09 18.78* 53.68** 1.30 33.23 
Genotypes 9 25.16** 20.74** 14.85* 15.55** 44.92** 83.94** 
Checks vs populations(G1) 1 23.81* . 42.28** 34.39* 17.07* 131.09** 218.51** 
Among checks(G2) 1 88.02** 68.21** 37.93* 61.23** 123.77 360.71** 
Among populations(G3) 7 16.37** 10.88 8.76 8.81* 21.34 25.18* 
BS13(SCT) vs BSSS2(SCT)(GA) 1 6.85 16.42 9.50 4.62 22.87 1.20 
Error (by environment) 27 4.24 4.65 6.51 3.41 11.41 
Genotypes x Environments 36 9.32* 
G1 X Environments 4 9.85 
G2 X Environments 4 3.32 
G3 X Environments 28 10.11* 
G4 X Environments 4 14.99* 
Error 153 5.83 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 91. Means of kernel number trait PROWS (ovules/row/ear) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
52.10 
49.17 
50.59 
46.58 
49.46 
50.87 
49.83 
46.82 
44.08 
46.33 
49.48 
48.06 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
52.07 
48.65 
51.57 
49.78 
51.89 
51.76 
50.12 
47.58 
45.03 
43.04 
50.31 
48.21 
BS13{SCT)C0 X BS13(SCT)G5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
53.03 
50.97 
50.93 
51.72 
51.75 
52.20 
49.25 
50.83 
49.47 
45.95 
51.08 
50.39 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
51.58 
49.10 
50.33 
51.21 
49.26 
53.77 
51.00 
48.97 
46.13 
49.48 
49.84 
50.38 
Mo17 X A634 
B73 X Mo17 
49.70 
55.12 
49.99 
55.83 
51.51 
55.87 
48.17 
53.70 
46.78 
54.65 
49.27 
55.04 
Grand mean 51.14 50.85 51.83 49.63 47.09 50.21 
LSD (0.05) 2.39 3.13 3.70 2.68 4.90 1.87 
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was not significant (49.48 and 48.06 ovules/row/ear for the CO and C5 
cycles, respectively). Conversely, in all analyses BSSS2(SCT)C0 means were 
larger than BSSS2(SCT)C5 means and the difference in the combined analysis 
was significant (50.31 vs 48.21 ovules/row/ear). The mean of the two check 
hybrids for PR0W5 was significantly greater than that of the populations 
(52.15 vs 49.72 ovules/row/ear) and check B73 x Mo17 had a significantly 
greater mean than did check Mo17 x A634 (55.04 vs 49.27 ovules/row/ear). 
The genotypes source of variation was significant in all six anovas 
conducted on number of ovule rows/ear at silking (ROWS) (Table 92). All of 
the components of genotypic variation were significant in the combined 
anova and each component was significant in at least three of the anovas 
conducted on separate environments. Environmental variance for R0W5 was 
significant, but none of the genotype by environment interactions were 
significant. 
Means of BS13(SCT)C0 for R0W5 were less than means of BS13(SCT)C5 in 
all analyses and in the combined analysis the difference was significant 
(15.68 vs 16.32 ovule rows/ear) (Table 93). Conversely, means of 
BSSS2(SCT)C0 for H0W5 were greater than means of BSSS2(SCT)C5 in all 
analyses. In the combined analysis, the mean of the CO of BSSS2(SCT) 
(16.25 ovule rows/ear) was significantly greater than that of the C5 (14.91 
ovule rows/ear). The means of the three BS13(SCT) populations for ROWS 
were significantly greater than those of the BSSS2(SCT) populations (16.02 
vs 15.58 ovule rows/ear). Similarly, the means of the eight populations 
for ROWS were significantly greater than those of the two check hybrids 
(15.79 vs 14.47 ovule rows/ear). The mean of the check Mo17 x A634 was 
Table 92. Mean squares from anovas of kernel number trait R0W5 (ovule rows/ear) by environment and 
over environments 
Environment 
Source of Variation D.F.B 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 2.977** 
Reps/Environments 17 0.501 
Reps (by environment) 3 0.203 0.187 1.127* 1.052 0.139 
Genotypes 9 2.579** 3.600** 2.403** 1.887** 2.415** 10.883** 
Checks vs populations(G1) 1 15.050** 20.323** 15.622** 3.481** 9.613** 59.009** 
Among checks(02) 1 2.168* 1.509* 0.703 2.569* 0.035 5.487** 
Among populations(G3) 7 0.856 1.509** 0.757* 1.562** 1.727* 4.778** 
BS13(SGT) vs BSSS2(SCT)(G4) 1 1.000 3.034** 0.049 1.927* 3.512* 6.720** 
Error (by environment) 27 0.474 0.327 0.254 0.363 0.624 
Genotypes x Environments 36 0.493 
G1 X Environments 4 1.002 
G2 X Environments 4 0.289 
G3 X Environments 28 0.450 
G4 X Environments 4 0.739 
Error 153 0.416 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 93. Means of kernel number trait R0W5 (ovule rows/eaV-) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
15.55 
16.33 
16.01 
16.94 
15.09 
15.94 
16.05 
16.18 
15.77 
16.20 
15.68 
16.32 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
16.08 
15.17 
16.53 
15.43 
16.14 
14.84 
16.60 
14.63 
16.00 
14.34 
16.25 
14.91 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
15.87 
15.50 
16.62 
15.47 
15.48 
15.80 
16.27 
15.57 
16.20 
15.53 
16.07 
15.57 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
15.67 
16.05 
16.69 
15.55 
15.61 
05.36 
16.43 
17.77 
15.20 
14.97 
15.90 
15.58 
Mo 17 X A634 
B73 X Mo17 
14.10 
14.95 
13.94 
14.81 
13.67 
14.27 
14.63 
15.77 
14.23 
14.37 
14.11 
14.84 
Grand mean 15.53 15.80 15.22 15.79 15.28 15.52 
LSD (0.05) 0.80 0.83 0.73 0.87 1.15 0.39 
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significantly less than the mean of B73 x MoT? in the combined analysis 
(14.11 vs 14.84 ovule rows/ear). 
The rate that the total number of ovules/ear were formed was evaluated 
on the basis of GDD (GROV). In the Ames 1983 anova for GROV, the 
significant sources of variation were genotypes, checks vs populations, and 
among checks (Table 94). In contrast, there was no significant genetic 
variation for this trait in Ames 1984 and Ankeny 1984 anovas. In the 
combined anova, the only significant sources of variation were 
environments, genotypes, checks vs populations, and among checks. 
GROV mean comparisons between the CO and C5 cycles of both BS13(SCT) 
and BSSS2(SCT) were not consistent across analyses and the differences were 
not significant in the combined analysis (Table 95). The means of the 
eight populations for GROV (175.9 ovules/100 GDD) were significantly less 
than the means of the check hybrids (200.7 ovules/100 GDD). These 
significant differences were primarily due to check Mo 17 x A634, which had 
significantly lower means than any of the other nine entries. 
The genotypes source of variation for total number of kernels/ear at 
final harvest (TOT 10) was significant in all six anovas conducted on this 
trait (Table 96). Genetic variation among the populations for TOT10 was 
significant in the Ames 1982, Ames 1984, and combined anovas. The only 
component of genotypic variation in the combined analysis that was not 
significant was BS13(SCT) vs BSSS2(SCT). Other sources of variation that 
were significant in tne combined anova of TOT 10 included environments, the 
genotypes by environments interaction, and the among checks by environments 
interaction. 
Table 94. Mean squares from anovas of kernel number trait GROV (ovules/100 ODD) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.B 1982 1983 1983 1984 1984 Combined 
Environments 4 86926** 
Reps/Environments 17 6810** 
Reps (by environment) 3 12079** 2679 2407 16110** 2533 
Genotypes 9 1295* 3648** 2698* 4291 7471 5813* 
Checks vs populatlons(G1) 1 7 9866** 2375 9656 2142 16379* 
Among checks(G2) 1 4755** 17185** 7446* 4726 311 22724** 
Among populations(G3) 7 985 826 2066 32033 9256 1887 
BS13(SCT) vs BSSS2(SCT)(G4| 1 1776* 469 24 162 1994 18 
Error (by environment) 27 392 1082 1028 2383 6690 
Genotypes x Environments 36 3315 
G1 X Environments 4 1437 
G2 X Environments 4 2935 
G3 X Environments 28 3637 
G4 X Environments 4 1081 
Error 153 2453 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
3 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 95. Means of kernel number trait GROV (ovules/100 ODD) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
175.3 
207.3 
182.8 
224.4 
147.2 
124.7 
227.3 
252.0 
284.0 
153.7 
204.8 
191.6 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
191.5 
167.7 
203.0 
222.0 
172.1 
108.3 
267.7 
209.7 
247.2 
273.9 
217.6 
197.8 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
224.8 
188.5 
206.0 
214.7 
121.6 
119.1 
225.5 
211.9 
285.6 
256.9 
212.1 
198.7 
BS13(SCT)C0 X 
BS13(SGT)C5 X 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
185.1 
200.0 
191.8 
200.7 
104.3 
112.3 
171.1 
208.5 
306.9 
222.6 
192.2 
188.2 
Mol? X A634 
B73 X Mo17 
163.2 
219.5 
120.1 
212.8 
76.4 
137.5 
158.6 
207.2 
241.8 
229.3 
151.4 
200.3 
Grand mean 192.3 197.8 122.4 213.9 250.2 195.5 
LSD (0.05) 33.9 47.7 46.5 70.8 118.7 33.0 
Table 96. Mean squares from anovas of kernel number trait TOT 10 (kernels/ear) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.® 1982 1983 1983 1984 1984 Combined 
Environments 4 236308** 
Reps/Environments 17 6976** 
Reps (by environment) 3 1651 4888 8271 1251 22369** 
Genotypes 9 28227** 20687** 17936** 20124** 20107** 89733** 
Checks vs populations(GI) 1 131255** 152613** 143441** 133916** 64197** 608059** 
Among checks(02) 1 75494** 18343** 213 29809** 65897** 128545* 
Among populations(03) 7 6756** 2175 2538 2484* 7267 10142** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 231 911 15 225 16978* 1017 
Error (by environment) 27 1221 1923 4394 930 3091 
Genotypes x Environments 36 3695* 
G1 X Environments k 3729 
G2 X Environments 4 11702** 
G3 X Environments 28 2546 
G4 X Environments 4 4411 
Error 153 2184 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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The means of BS13{SCT)C0 for TOT10 were greater than the means of 
ES13(SCT)C5 in all analyses, but the difference between the means in the 
combined analysis was not significant (455.2 vs 424.1 kernels/ear) (Table 
97). With the exception of the 1983 analyses, the means of the CO cycle of 
BSSS2(SCT), like those of BS13(SCT), were greater than the means of the C5 
cycle. The mean of BSSS2(SCT)C0 in the combined analysis of TOT10 (458.7 
kernels/ear) was not significantly different from that of BSSS2{SCT)C5 
(424.6 kernels/ear). The means of hybrid checks Mo17 x A634 (527.3 
kernels/ear) and B73 x Mo17 (641.3 kernels/ear) for TOT 10 were 
significantly larger than those of all other entries and significantly 
different from each other. The grand means for TOT10 were smaller in the 
Ankeny 1983 and Ames 1983 analyses than in the other analyses. 
The results from analyses on number of kernels/row/ear at final 
harvest (PROW10) were very similar to those of TOT 10. Genotypes were 
significant sources of variation in all anovas conducted on PROW10 and the 
genetic variation among populations was significant in the Ames 1982, Ames 
1984, and combined analyses of this trait (Table 98). In the combined 
analysis, all components of genotypic variation except BS13(SCT) vs 
BSSS2(SCT) and among checks were significant- Environments and among 
checks by environments interaction also were significant in the combined 
anova of PR0W10. 
The means of BS13(SCT)C0 for PROW10 were consistently larger than the 
means of BS13(SCT)C5 (Table 99). In the combined analysis, the mean of the 
CO of BS13(SCT) was significantly larger than that of the C5 (29.28 vs 
27.07 kernels/row/ear). In contrast, the means of BSSS2(SCT)C0 were not 
consistently larger or smaller than means of BSSS2(SCT)C5 for PH0W10 and 
Table 97. Means of kernel number trait T0T10 (kernels/ear) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 499.2 382.0 343.2 476.4 553.4 455. 2 
BS13(SCT)C5 479.9 368.5 283.4 458.1 502.4 424. 1 
BSSS2(SCT)C0 525.1 391.6 317.5 508.5 517.4 458. 7 
BSSS2(SCT)C5 455.9 397.8 335.8 470.0 447.7 424. 6 
BS13(SCT)C0 X BS13(SCT)C5 509.6 434.6 346.8 534.9 539.4 476. 4 
BSSS2(SCT)C0 X BSSS2(SCT)C5 522.9 432.8 324.7 509.3 470.4 458. 5 
BS13(SCT)C0 X BSSS2(SCT)C0 568.3 409.5 370.1 501.4 535.7 485. 3 
BS13(SCT)C5 X BSSS2{SCT)C5 495.6 392.2 335.0 497.1 444.0 438. 5 
M0I7 X A634 544.7 507.7 486.9 578.1 510.7 527. 3 
B73 X M0I7 703.3 603.4 476.6 700.1 692.2 641. 3 
Grand mean 530.5 432.0 362.0 523.4 521.3 479. 0 
LSD (0.05) 40.5 63.6 96.2 44.3 80.7 37. 2 
Table 98. Mean squares from anovas of kernel number trait PROW 10 (kernels/row/ear) by environment 
and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f. 1982 1983 1983 1984 1984 Combined 
Environments 4 598.45** 
Reps/Environments 17 18.91** 
Reps (by environment) 3 2.62 9.96 21.78 5.78 65.29** 
Genotypes 9 145.01** 83.62** 92.41** 104.44** 79.14** 451.50** 
Checks vs populations(G1) 1 1015.58** 685.03** 744.48** 807.50** 516.72** 3656.42** 
Among checks(G2) 1 777.10** 28.37 5.78 67.28** 154.29** 253.76 
Among populations(G3) 7 16.06** 5.60 11.63 9.31* 5.90 21.91** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 17.78** 7.19 1.28 26.35** 4.62 22.45 
Error (by environment) 27 2.26 7.97 14.15 3.34 8.80 
Genotypes x Environments 36 9.42 
G1 X Environments 4 4.53 
G2 X Environments 4 36.04** 
G3 X Environments 28 6.32 
G4 X Environments 4 7.80 
Error 153 6.71 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 99. Means of kernel number trait PROW 10 (kernels/row/ear) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
32.52 
30.78 
26.08 
25.05 
24.12 
20.23 
28.82 
27.53 
33.27 
29.92 
29.28 
27.07 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
33.92 
31.38 
25.68 
27.93 
22.28 
25.05 
30.52 
30.78 
31.72 
30.57 
29.29 
29.35 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
32.15 
34.37 
27.55 
28.35 
24.48 
22.88 
31.03 
32.37 
32.00 
30.27 
29.69 
30.07 
BS13{SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
35.57 
31.90 
27.68 
26.77 
24.75 
25.12 
30.60 
31.43 
31.90 
29.88 
30.60 
29.28 
Mo17 X A634 
B73 X Mo17 
39.27 
46.95 
35.35 
39.12 
35.25 
33.55 
- 38.72 
44.52 
35.78 
44.57 
37.09 
42.21 
Grand mean 34.88 28.96 25.77 32.63 32.99 31.39 
LSD (0.05) 1.74 4.09 5.46 2.65 4.30 1.60 
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the means in the combined analysis were almost identical (29.29 and 29.35 
kernels/row/ear for the CO and C5 cycles, respectively). As with TOT10, 
means of the check hybrids for PROW10 (37.09 kernels/row/ear for Mo 17 x 
A634 and 42.21 kernels/row/ear for B73 x Mo17) were significantly larger 
than the means of all other entries. Environmental means followed the same 
trend for PROW10 as they did for TOT 10: the Ankeny 1983 and Ames 1983 
analyses had larger overall means for PROW10 than the other analyses-
In the Ames 1982, Ames 1984, and Ankeny 1984 anovas conducted on 
number of kernel rows/ear at final harvest (ROW10), genotypes and all 
components of genotypic variance were significant (Table 100). Conversely, 
in the Ankeny 1983 anova for ROW10 the error mean square was more than two 
times larger than the error mean squares in the other anovas; consequently, 
none of the sources of variation in that anova were significant. In the 
combined anova of ROW10, environments, genotypes by environments, checks vs 
populations by environments, and among populations by environments, were 
all significant sources of variation. 
The means of the CO cycle of BS13(SCT) for ROW10 were not consistently 
larger or smaller than the means of the C5 cycle across analyses and in the 
combined analysis the means of the two cycles were nearly the same (15.44 
and 15.40 kernel rows/ear for the CO and 05, respectively) (Table 101). 
Conversely, the means of the CO cycle of BSSS2(SCT) were all larger than 
the means of the C5 cycle and in the combined analysis the difference was 
significant (15.59 vs 14.27 kernel rows/ear). In contrast to TOT10 and . 
PROW10, means of the two hybrid checks for R0W10 were not significantly 
different than means of the eight populations. Similar to TOT 10 and 
PROW10, the mean of the check MO17 x A634 in the combined analysis of ROW10 
Table 100. Mean squares from anovas of kernel number trait ROW10 (kernel rows/ear) by environment 
and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.B 1982 1983 1983 1984 1984 Combined 
Environments 4 34.355** 
Reps/Environments 17 1.140** 
Reps (by environment) 3 0.349 1.544* 2.731 0.662 0.940 
Genotypes 9 3.212*# 1.275* 1.049 1.899** 3.918** 6.886** 
Checks vs populations(GI) 1 11.397** 0.136 0.702 5.661** 7.367** 9.457 
Among checks(02) 1 3.413** 2.135* 0.269 1.561* 3.294** 9.200** 
Among populations(03) 7 2.014** 1.315* 1.211 1.410** 3.514** 6.188** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 3.423** 0.060 0.125 4.017** 10.490** 11.583 
Error (by environment) 27 0.359 0.495 1.182 0.229 0.375 
Genotypes x Environments 36 1.012** 
G1 X Environments 4 3.391** 
02 X Environments 4 0.241 
03 X Environments 28 0.783 
04 X Environments 4 1.516* 
Error 153 0.508 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 101. Means of kernel number trait ROW 10 (kernel rows/ear) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 15.58 14 .30 14. 10 16 .50 16. 63 15.44 
BS13(SCT)C5 15.88 14 .47 13. 30 16 .45 16. 67 15.40 
BSSS2(SCT)C0 16.15 15 .10 13. 73 16 .62 16. 10 15.59 
BSSS2(SCT)C5 14.38 13 .90 13. 23 15 .28 14. 48 14.27 
BS13(SCT)C0 X BS13(SCT)C5 16.03 15 .67 13. 50 17 .22 16. 72 15.85 
BSSS2(SCT)C0 } c BSSS2(SCT)C5 15.12 15 .13 13. 50 15 .82 15. 47 15.02 
BS13(SCT)C0 X BSSS2(SCT)C0 15.80 14 .77 14. 77 16 .27 16. 78 15.69 
BS13(SCT)C5 X BSSS2(SCT)C5 15.37 14 .30 13. 08 15 .83 14. 73 14.73 
Mo 17 X A634 13.92 14 .33 13. 80 14 .87 14. 23 14.20 
B73 X MolY 14.98 15 .37 14. 17 15 .75 15. 52 15.14 
Grand mean 15.32 14 .73 13. 72 16 .06 15. 73 15.13 
LSD (0.05) 0.69 1 .02 1. 58 0 .69 0. 89 0.61 
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was significantly less than that for check B73 x Mo17 (14.20 vs 15.14 
kernel rows/ear) and the environmental overall means from the Ankeny 1983 
and Ames 1983 analyses were smaller than the environmental means from the 
other analyses. 
With the exception of Ankeny 1984, genotypic variation for the 
percentage of ovules present at silking that were filled at final harvest 
(POVFIL) was significant in all anovas (Table 102). In all anovas of 
POVFIL, the checks vs populations source of variation was significant. In 
the Ames 1982 anova, the among checks and among populations sources of 
variation were significant. Environmental variation for POVFIL was 
significant, but none of the genotype by environment interaction sources 
of variation were significant for this trait. 
In all analyses of POVFIL except that conducted on data from Ankeny in 
1984, means of BS13(SCT)C0 were greater than means of BS13(SCT)C5 (Table 
103). The mean of BS13(SCT)C0 for POVFIL in the combined analysis was 
considerably larger than that of BS13(SCT)C5 (59.02% vs 54.57%), however, 
this difference was not significant. Means of the CO cycle of BSSS2(SCT} 
were not consistently larger or smaller than means of the C5 cycle across 
analyses and in the combined analysis of POVFIL the difference was not 
significant (57.16% for BSSS2(SCT)C0 and 59.81% for BSSS2(SCT)C5). The 
means of the two check hybrids for POVFIL were significantly greater than 
those of the eight populations (77.21% vs 58.14%). The environmental means 
for POVFIL for Ames and Ankeny in 1983 were notably lower than the grand 
means of the other analyses. 
There was no significant genotypic variance or genotypic by 
environment interaction in any of the anovas for number of kernels abscised 
Table 102. Mean squares from anovas of kernel number trait POVFIL (%/ear) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.® 1982 1983 1983 1984 1984 Combined 
Environments 4 4823.40** 
Reps/Environments 17 146.01** 
Reps (by environment) 3 52.70 84.51 169.35 55.09 430.59 
Genotypes 9 439.20** 424.84** 441.47** 297.30** 256.88 1472.38** 
Checks vs populatlons(G1) 1 3249.19** 3591.21** 3173.64** 2373.87** 850.47* 12413.79** 
Among checks(02) 1 180.53* 0.65 184.89 1.58 305.18 61.24 
Among populations(G3) 7 74.73* 33.10 87.81 42,90 165.18 110.92 
BS13(SCT) vs BSSS2(SCT)(G4) 1 89.89 29.64 9.76 23.68 0.15 45.27 
Error (by environment) 27 32.13 45.54 92.63 20.88 165.84 
Genotypes x Environments 36 88.24 
G1 X Environments 4 142.57 
G2 X Environments 4 145.42 
G3 X Environments 28 72.31 
G4 X Environments ^ 4 
I 
22.88 
Error 153 66.78 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 103. Means of kernel number trait POVFIL (%/ear) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 
BS13(SCT)C5 
61.67 
59.75 
47.05 
46.99 
46.00 
35.31 
59.66 
60.41 
79.41 
67.77 
59.02 
54.57 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
62.88 
62.21 
46.05 
51.92 
37.73 
44.17 
61.04 
67.71 
75.23 
71.81 
57.16 
59.81 
BS13{SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
60.65 
60.46 
51.57 
54.31 
43.70 
39.29 
67.16 
64.44 
67.21 
66.87 
58.30 
59.02 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
70.63 
63.47 
48.89 
49.25 
49.57 
40.50 
59.79 
64.21 
76.44 
59.60 
61.93 
56.14 
Mo17 X A634 
B73 X Mo17 
77.99 
85.74 
72.91 
73.48 
69.11 
59.49 
81.87 
82.76 
75.89 
88.25 
75.77 
78.65 
Grand mean 67.15 54.24 46.49 66.91 72.85 62.04 
LSD (0.05) 6.58 9.79 13.97 6.63 18.69 5.00 
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from shortly after pollination to final harvest (KABS) (Table 104). 
Coefficients of variation were above 85% in all anovas for KABS and the 
only significant source of variation for this trait in the combined anova 
was environments. 
Means of BS13{SCT)C0 were less than means of BS13(SCT)C5 for KABS in 
all analyses and in the combined analysis the difference was significant 
(13.43 vs 34.71 kernels/ear) (Table 105). In contrast, with the exception 
of the Ames 1983 analysis, means of BSSS2(SCT)C0 were greater than means of 
BSSS2(SCT)C5 for KABS. The mean of the CO cycle of BSSS2(SCT) in the 
combined analysis was greater than that of the 05 cycle (43.14 vs 24.69 
kernels/ear) but this difference was not significant. 
Genetic parameters - kernel number traits 
In the Ames 1984 analysis of total number of ovules per ear at silking 
(T0T5), the estimate of Apa(13) was negative (Table 106). However, in all 
other analyses the estimates of Apa(13) were positive and in the combined 
analysis the estimate was significant (7.35 ovules/ear/cycle). Estimates 
of Apa(2) were negative in all analyses of T0T5 and in the combined 
analysis the estimate was significant (-7.96 ovules/ear/cycle). The only 
2 
analysis of T0T5 with a positive estimate for a 2Ap d parameter was Ames 
1983 for BSSS2(SCT). In the combined analysis, the estimate of 2Ap^d(13) 
2 
was significant (-13.50 ovules/ear/cycle) and the estimate of 2Ap d(2) was 
not significant (-4.69 ovules/ear/cycle). Estimates of H for T0T5 were not 
consistently positive or negative and the estimate in the combined analysis 
(-10.03 ovules/ear) was not significant. 
2 All estimates of 2Ap d(l3) for ovules per row at silking (PR0W5) were 
negative and the estimate in the combined analysis was significant (-0.810 
Table 104. Mean squares from anovas of kernel number trait KABS (kernels/ear) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 13425.4** 
Reps/Environments 17 2139.7 
Reps (by environment) 3 1411.9 639.0 954.6* 355.5 1489.1 
Genotypes 9 2334.1 361.3 1655.9 254.3 1032.9 1323.2 
Checks vs populations(G1) 1 3374,3 799.8 3003.0 160.1 711.5 528.7 
Among checks(02) 1 394.5 412.8 4343.1 37.5 566.7 0.1 
Among populations(03) 7 2462.7 291.3 1079.6 298.7 1145.4 1625.7 
BS13(SCT) vs BSSS2(SCT)(04) 1 2102.2 605.3 544.9 747.5 4923.0 1621.7 
Error (by environment) 27 1749.4 374.2 2303.4 252.0 1618.5 
Genotypes x Environments 36 1012.4 
01 X Environments 4 1981.5 
02 X Environments 4 1435.2 
03 X Environments 28 813.5 
04 X Environments 4 1722.8 
Error 153 1317.1 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 105. Means of kernel number trait KABS (kernels/ear) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 28 .57 9. 40 21 . 60 0 .00 0.00 13. 43 
BS13(SCT)C5 64 .05 27. 87 33 .70 0 .93 32.32 34. 71 
BSSS2(SCT)C0 94 .63 7. 93 36 . 16 12 .83 38.42 43. 14 
BSSS2{SCT)C5 46 .77 8. 37 20 .05 0 .00 37.22 24. 69 
BS13{SCT)C0 X BS13(SCT)C5 47 .40 10. 37 51 .67 0 .00 0.00 24. 21 
BSSS2(SCT)C0 ) { BSSS2(SCT)C5 44 .47 1. 20 22 .17 21 .58 42.62 28. 05 
BS13(SCT)C0 X BSSS2(SCT)C0 35 .98 0. 00 7 .23 ^ 16 .50 21.77 18. 09 
BS13(SCT)C5 X BSSS2(SCT)C5 51 .72 6. 10 0 .00 5 .50 16.92 19. 29 
Mo 17 X A634 38 .68 12. 90 69 .03 0 .00 25.78 27. 01 
B73 X MoT? 27 .22 12. 90 69 .03 0 .00 25.78 27. 01 
Grand mean 47 .95 11. 14 28 .40 6 .17 25.77 26. 07 
LSD (0.05) 48 .54 28. 07 69 .64 23 .03 58.37 21. 08 
Table 106. Genetic parameter estimates of kernel number trait T0T5 (ovules/ear) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 812.13*+15.48 815.19*±17.66 742.83*+17.6? 802.69*±21.79 710.86*±32.41 780.01*+ 9.64 
6pa(13) 5.33 ± 3.92 4.80 ± 4.47 11.70 ± 4.47 -0.90 ± 5.51 16.84*+ 8.20 7.35*+; 2.44 
2Ap^d(13) -11.83 ± 7.19 -15.01 ± 8.21 -10.03 ± 8.21 -6.56 ±10.12 -24.89 ±15.06 -13.50*+ 4.48 
M2 835.67*+15.48 857.46*±17.66 838.25*117.67 839.17*±21.79 734.73*±32.41 822.38*± 9.64 
Apa(2) -9.60*+ 3.92 -12.40*+ 4.47 -1.89 + 4.47 -10.11 ± 5.51 -4.98 ± 8.20 -7.96*± 2.44 
2Ap^d(2) -0.60 ± 7.19 6.73+8.21 -10.37 ± 8.21 -8.42 ±10.12 -12.85+15.06 -4.69+4.48 
H -17.33 ±15.48 1.40 ±17.66 -15.04 ±17.67 13.54 ±21.79 -5.81 ±32.41 -10.03 ± 9.64 
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2 
ovules/row/ear/cycle) (Table 107). Estimates of 2Ap d(2) for PR0W5 also 
were negative in all six analyses, however, the estimate of this parameter 
in the combined analysis was not significant. The Ames 1984 analysis was 
the only analysis of PROWS in which the estimate of Apa(l3) was negative. 
The positive estimate of Apa(13) in the combined analysis was not 
significant. Estimates of Apa(2) and H were not consistently positive or 
negative across the analyses of PR0W5 and in the combined analysis 
estimates of both parameters were negative and not significant. 
The estimate of Apa(13) was positive in all analyses of number of 
ovule rows per ear at silking {R0W5) and in the combined analysis the 
estimate was significant (0.077 ovule rows/ear/eyele) (Table 108). 
Conversely, the estimate of Apa(2) was negative in all analyses of R0W5 and 
the estimate of this parameter in the combined analysis was not significant 
2 2 (-0.138 ovule rows/ear/cycle). Estimates of 2Ap d(13), 2Ap d(2), and H, 
for R0W5 were not consistently positive or negative across analyses. 
2 Neither the positive estimate for 2Ap d(2) or the negative estimates of 
2 2Ap d(13) and H in the combined analysis of ROWS were significant. 
The only negative estimate of Apa(13) for rate of ovule formation 
(GROV) was in the Ankeny 1984 analysis (Table 109). Conversely, all 
estimates of Apa(2) for this trait were negative except for that in the 
Ames 1983 analysis. Neither the positive estimate of Apa(13) or the 
negative estimate of Apa(2) were significant in the combined analysis of 
2 GROV. Only one analysis had a positive estimate for 2Ap d(13), and only 
2 
one analysis revealed a negative estimate for H. Estimates of 2Ap d(2) 
showed no trend for sign (positive vs negative) across analyses of GROV and 
Table 107. Genetic parameter estimates of kernel number trait PROWS (ovules/row/ear) by environment 
and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 52.846*10.767 50.527*10.984 49.145*±1.165 50.194*±0.842 44.575*±1.542 46.667*±0.619 
Apa(13) 0.032 ±0.194 0.094 ±0.249 0.585 ±0.295 -0.261 ±0.213 0.880*±0.390 0.244 ±0.157 
2Ap^d(13) -0.728*±0.357 -0.978*±0.457 -0.825 ±0.541 -0.153 ±0.391 -1.408 ±0.717 -0.810*±0.288 
M2 52.453*±0.767 51.501*±0.984 51.575*±1.165 50.478*±0.842 45.525*±1.542 50.501*±0.619 
Apa(2) -0.374 ±0.194 0.056 ±0.249 0.189 ±0.295 -0.001 ±0.213 -0.013 ±0.390 -0.060 ±0.157 
2Ap^d(2) -0.012 ±0.357 -0.456 ±0.457 -0.340 ±0.541 -0.577 ±0.391 -0.470 ±0.717 -0.338 ±0.288 
H -1.272 ±0.796. -0.617 ±0.984 -0.779 ±1.165 0.303 ±0.842 0.592 ±1.542 -0.438 ±0.619 
Table 108. Genetic parameter estimates of kernel number trait R0W5 (ovule rows/ear) by environment 
and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 15.A42*±0.257 16.120*±0.261 15.138*±0.230 16.025*±0.275 15.800*±0.361 15.681*±0.12? 
Apa(13) 0.107 ±0.065 0.077 ±0.066 0.059 ±0.058 0.053 ±0.070 0.073 ±0.091 0.077*±0.032 
2Ap^d(13) -0.035 ±0.119 0.011 ±0.121 0.043 ±0.107 -0.075 ±0.128 -0.067 ±0.168 -0.025 ±0.059 
M2 15.975*±0.257 16.646*±0.261 16.192*±0.230 16.575*±0.275 16.033*±0.361 16.256*±0.127 
Apa(2) -0.073 ±0.065 -0.259*±0.066 -0.089 ±0.058 -0.197*±0.070 -0.107 ±0.091 -0.136*±0.032 
2Ap^d(2) -0.015 +0.119 0.275 ±0.121 -0.093 ±0.107 0.005 ±0.128 -0.126 ±0.168 0.007 ±0.059 
H 0.067 ±0.257 0.191 ±0.261 -0.103 ±0.230 0.158 ±0.275 -0.750*±0.361 -0.073 ±0.127 
Table 109. Genetic parameter estimates of kernel number trait GROV (ovules/100 GDD) by environment 
and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 180.54*±10.44 187.17*±15.01 132.77*±14.63 211.48*+22.28 299.94*±37.33 203.53*±16.01 
Apa(13) 7.79*+ 2.64 2.91 ± 3.80 0.65 ± 3.70 5.98 ± 5.64 -6.06 ± 9.44 1.96 ± 4.05 
2Ap^d(13) -10.24*± 4.85 1.63 ±6.89 -2.91+6.80 -3.86+10.36 -17.13 ±17.35 -6.30 ± 7.44 
M2 196.77*+10.44 207.37*+15.01 157.70*±14.63 251.85*±22.28 263.11*±17.35 216.34*±16.01 
Apa(2) -2.71 ± 2.64 0.61 ± 3.80 -4.83 ± 3.70 -4.83 ± 5.64 -4.43 ± 9.44 -3.27 ± 4.05 
2Ap^d(2) -0.40 ± 4.85 1.71 + 6.89 -0.21 ± 6.80 1.23 ±10.36 11.02 ±17.35 2.83 ± 7.44 
H -8.79 ±10.44 -9.85 ±15.01 -26.51 ±14.63 -44.76*±22.28 9.46 ±37.33 -16.47 ±16.01 
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2 2 in the combined analysis estimates of 2Ap d(2), 2Ap d(13), and H were not 
significant. 
The estimate of Apa(13) in the combined analysis of total number of 
kernels per ear at final harvest (TOT 10) was negative and not significant 
[Table 110). In contrast, in the Ames 1984 analysis the estimate of 
Apa(13} was positive and significant (7.45 kernels/ear/cycle). Estimates 
2 
of Apa(2} and 2Ap d(13} were negative in four of the five analyses of T0T10 
conducted on separate environments, but the negative estimates of these 
parameters in the combined analysis were not significant. Estimates of 
2 2Ap d(2) and H for T0T10 showed no trends across analyses, and neither of 
the positive estimates for these genetic parameters were significant in the 
combined analysis. 
The only significant estimates in the analyses of number kernels per 
row (PROW10), other than for M13 and M2, were -0.323 kernels/row/ear/cycle 
for Apa(13) in the Ames 1982 analysis and -0.821 kernels/row/ear/cycle for 
2 2 2Ap d{13) in the Ames 1984 analysis (Table 111). Estimates of Apc, 2Ap d, 
H for PROW10 were inconsistent across analyses and none were significant in 
the combined analysis. 
The estimate of Apa(2) in all analyses of number of kernel rows 
(ROW10) was negative and in the combined analysis the estimate for this 
parameter was significant (-0.168 kernel rows/ear/cycle) (Table 112). 
2 2 Estimates of Apa(13), 2Ap d(13), 2Ap d(2), and H were not consistently 
positve or negative across analyses of ROW10. Estimates of Apa(13) and 
2 2 2Ap d(2) were positive in the combined analysis, and estimates of 2Ap d(13) 
and H were negative, but none were significant. 
Table 110. Genetic parameter estimates of kernel number trait TOT 10 (kernels/ear) by environment 
and over environments. 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 512.67*±13.03 400.55*±20.02 350.85*±30.26 486.99*±13.92 558.50*±25.38 466.53*± 9.21 
Apa(13) -3.32 ± 3.29 3.11 ± 5.06 -2.35 ± 7.65 7.45*± 3.52 -4.85 ± 6.42 -0.29± 2.33 
2Ap^d(13) 0.09+6.05 -12.63 ± 9.30 -8.80 ±14.06 -20.68*± 6.47 -1.53i11.79 -7.91 ± 4.28 
M2 538.56*±13.03 410.09*±20.02 325.18*130.26 519.09*±13.92 522.55*125.38 469.95*± 9.21 
Apa(2) -5.82 1 3.29 0.84 1 5.06 -1.62 ± 7.65 -4.08 ± 3.52 -11.45 ± 6.42 -4.55 ± 2.33 
2ûp^d(2) -4.89 ± 6.05 -4.15 ± 9.30 5.36 114.06 -1.65 1 6.47 7.93 ±11.79 0.03 ± 4.28 
H 29.21 ±13.03 -14.38 ±20.02 24.43 ±30.26 -12.22 ±13.92 -9.95 ±25.38 5.76 ± 9.21 
Table 111. Genetic parameter estimates of kernel number trait PROW 10 (kernels/row/ear) by 
environment and over environments. 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 33.142*±0.560 26.925*+! .288 24.21?*+1.717 29.355*+0.834 33.150*+1.354 29.702*10.502 
Apa(13) -0.323*±0.142 -0.043 ±0.326 0.033 ±0.434 0.228 +0.211 -0.207 ±0.343 -0.086 ±0.12? 
2Ap^d(13) 0.175 +0.260 -0.288 ±0.599 -0.863 ±0.798 -0.821*+0.387 -0.233 ±0.629 -0.353 ±0.233 
M2 34.542*10.560 26.525*+1.288 22.383*11.717 31.055*10.834 31.600*±1.354 29.705*±0.502 
Apa(2) -0.160 ±0.142 0.197 ±0.326 0.080 ±0.434 0.154 ±0.211 -0.243 ±0.343 -0.009 ±0.127 
2Ap^d(2) -0.312 10.260 -0.112 10.599 0.373 10.798 -0.364 ±0.387 0.280 10.629 -0.053 10.233 
H 1.100 ±0.560 0.117 +1.288 1.350 ±1.717 -0.144+0.834 -0.358 ±1.354 0.475 ±0.502 
Table 112. Genetic parameter estimates of kernel number trait ROW10 (kernel rows/ear) by environment 
and over environments. 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 15.558*±0.223 14.611*10.321 14.242*10.496 16.558*10.218 16.883*±0,280 15.569*10.145 
Apa(13) 0.100 10.057 0.149 10.081 -0.177 10.125 0.120*10.055 -0.083 ±0.071 0.029 ±0.037 
2Ap^d(13) -0.135 10.104 -0.327*10.149 0.165 10.231 -0.260*10.101 0.123 ±0.130 -0.091 lO.067 
M2 16.125*10.223 15.411*10.321 13.875*10.496 16.675*10.218 16.350*±0.280 15.727*±0.145 
Apa(2) -0.197*10.057 -0.118 ±0.081 -0.103 ±0.125 -0.183*10.055 -0.227*±0.071 -0.168*±0.037 
2Ap^d(2| 0.045 10.104 -0.067 10.149 0.078 10.231 0.089 ±0.101 0.080 ±0.130 0.045 ±0.067 
H -0.017 10.223 -0.555 10.321 0.567 10.496 -0.408 ±0.218 -0.083 ±0.280 -0.092 +0.145 
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With the exception of estimates of M13 and M2, genetic parameter 
estimates for percentage of ovules filled (POVFIL) were very inconsistent 
in regard to sign and significance across analyses (Table 113). For 
example, a significant positive estimate of Apa(13) and a significant 
2 
negative estimate of 2Ap d(l3) were observed in the Ames 1984 analysis. In 
contrast, in the combined analysis of POVFIL the estimate of Apa(13) was 
2 
negative and of 2Ap d( 13) was positive. Neither the negative estimates of 
2 the Apa paramters or the positive estimates of the 2Ap d and H parameters 
were significant in the combined analysis. 
In contrast to other traits, estimates of Ml3 and M2 were not 
significant in all of the analyses of number of kernels abscised (KABS) 
(Table 114). None of the estimates of Ml3 for KABS were significant and 
the estimates of M2 in the Ames 1983 and Ankeny 1983 analyses were not 
significant. Estimates of all genetic paramters were inconsistent across 
analyses for this trait. In the combined analysis, the estimates of Ml3, 
2 2 Apa(13), M2, and 2Ap d(2), were positive and the estimates of 2Ap d(13), 
Apa(2), and H were negative. Only the estimate of M2 (42.224 kernels/ear) 
was significant in the combined analysis of KABS. 
Agronomic Traits 
Anovas and means 
The trait M0I9, percentage grain moisture at black layer (sample date 
9), was evaluated in the three Ames environments. The genotypic variation 
for M0I9 was significant in all three of the anovas conducted on separate 
environments, but not in the combined anova (Table 115). Environmental 
variance for M0I9 was not significant. The genotypes by environments. 
Table 113. Genetic parameter estimates of kernel number trait POVFIL (%/ear) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 62.292*12.112 49.119*±3.080 47.393*14.393 60.739*12.086 78.792*15.878 60.178*11.601 
Apa(13) -0.852 ±0.534 0.077 ±0.779 -1.016 11.111 1.069 10.528 -2.192 ±1.487 -0.607 ±0.405 
2Ap^d(13) 0.996 ±0.982 -0.579 ±1.431 -0.386 ±2.042 -2.202 ±0.969 2.181 ±2.732 0.092 ±0.744 
M2 64.501*12.112 48.121*±3.080 39.117*14.393 62.120*12.086 74.613*15.878 58.313*11.601 
Apa(2) 0.068 10.534 0.823 10.779 -0.244 11.111 0.248 10.528 -1.424 11.487 -0.090 10.405 
2Ap^d(2) -0.595 10.982 -0.887 11.431 1.498 12.042 0.623 ±0.969 2.288 ±2.732 0.478 ±0.744 
H 5.114*12.112 -1.801 13.080 4.930 14.393 -2.717 12.086 0.357 ±5.878 1.534 11.601 
Table 114. Genetic parameter estimates of kernel number trait KABS (kernels/ear) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 20.72 ±15.59 7.42 ± 8.83 25.49 ±21.91 3.29 ± 7.25 1.51 ±18.42 12.57 ± 6.85 
Apa(13) 6.09 ± 3.94 0.98 ± 2.23 4.46 ± 5.54 -1.32 ± 1.83 -0.60 ± 4.66 2.54 ± 1.73 
2Ap^d(13) -5.14 ± 7.24 2.12 ± 4.10 -7.28 ±10.18 2.16 ± 3.37 7.37 ± 8.56 -0.61 ± 3.18 
M2 86.79*±15.59 5.95 ± 4.83 40.04 ±21.91 16.13*± 7.25 39.93*±18.42 42.22*+ 6.85 
Apa(2) -6.90 ± 3.94 -0.55 ± 2.23 -4.35 ± 5.54 0.43 ± 1.83 0.24 ± 4.66 -2.65 ± 1.73 
2Ap^d(2) 5.79 ± 7.24 1.59 ± 4.10 4.71 ±10.18 -4.09 ± 3.37 -1.01 ± 8.56 1.79 ± 3.18 
H -9.93 ±15.59 -4.71 ±8.83 -29.42 ±21.91 3.50 ± 7.25 -0.46 ±18.42 -8.36 ± 6.85 
Table 115. Mean squares from anovas of agronomie trait M0I9 (%) by environment and over 
environments 
Environment 
Source of Variation d.f.^ 
Ames 
1982 
Ames 
1983 
Ames 
1984 Combined 
Environments 2 3.201 
Reps/Environments 11 6.318 
Reps (by environment) 3 8.178*# 2.338 7.196 
Genotypes 9 6.623** 14.306* 29.715* 24.700 
Checks vs populatlons(GI) 1 19.951** 1.354 11.172 12.727 
Among checks(G2) 1 13.020* 102.195** 0.001 64.229 
Among populations(G3) 7 3.805 3.601 36.610 20.763 
BS13(SCT) vs BSSS2{SCT)(GA) 1 2.695 1.571 35.139 27.231* 
Error (by environment) 27 2.061 5.298 12.241 
Genotypes x Environments 18 13.855** 
01 X Environments 2 7.879 
G2 X Environments 2 27.321* 
G3 X Environments 14 12.784* 
GA X Environments 2 7.633 
Error 139 5.720 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which 
contained 6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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among checks by environments, and among populations by environments sources 
of variation were all significant in the combined anova. 
Means of BS13(SCT)C0 for M0I9 were greater than means of BS13(SCT)C5 
in the Ames 1982, Ames 1983, and combined analyses (Table 116). The mean 
of the CO cycle of BS13(SCT) in the combined analysis (30.96%) was not 
significantly different than the mean of the C5 cycle (29.34%). Means of 
BSSS2(SCT)C0 were greater than those of BSSS2(SCT)C5 in all analyses and in 
the combined analysis the difference was significant (30.85% vs 27.45%). 
The means of the BS13(SCT) populations for M0I9 were significantly greater 
than those of the BSSS2(SCT) populations (30.20% vs 29.12%). 
In the six anovas conducted on percentage grain moisture at final 
harvest (MOI10), all sources of variation were significant except for among 
populations and BS13{SCT) vs BSSS2(SCT) in the Ankeny 1983 anova and 
BS13(SCT) vs BSSS2(SCT) in the Ankeny 1984 anova (Table 117). In the 
combined anova of MO110, all sources of variation, including environments 
and the interaction terms, were significant. 
In all six analyses of MCI10, means of the CO cycles in both BS13(SCT) 
and BSSS2(SCT) were greater than the means of the C5 cycles (Table 118). 
The mean of BS13(SCT)C0 in the combined analysis was significantly greater 
than the mean of BS13(SCT)C5 (23.69% vs 22.18%). Means of the CO and C5 of 
BSSS2(SCT) also were significantly different in the combined analysis 
(22.17% and 19.95%, respectively). The BS13(SCT) populations had 
significantly greater means for MO110 than the BSSS2(SCT) populations 
(22.80% vs 21.03%) and the mean of check hybrid Mo17 x A634 for MOIIO was 
significantly less than those of all other entries. 
Table 116. Means of agronomic trait M0I9 (%) by environment and over environments 
Environment 
Ames Ames Ames 
Genotype 1982 1983 1984 Combined 
BS13(SCT)C0 31.03 30.17 31.63 30.96 
BS13(SCT)C5 29.98 30.67 27.04 29.34 
BSSS2(SCT)C0 30.58 30.13 32.00 30.85 
BSSS2(SCT)C5 29.06 28.62 23.85 24.75 
BS13(SCT)C0 X BS13(SCT)C5 29.48 28.52 33.29 30.29 
BSSS2(SCT)C0 X BSSS2(SCT)C5 29.21 29.08 28.85 29.07 
BS13(SCT)C0 X BSSS2(SCT)C0 29.57 30.71 28.86 29.69 
BS13(SCT)C5 X BSSS2(SCT)C5 28.65 28.64 29.95 29.02 
Mo 17 X A634 30.09 25.53 30.74 28.97 
B73 X Mo17 32.18 32.68 30.77 31.92 
Grand mean 29.98 29.47 29.70 29.76 
LSD (0.05) 1.67 3.34 5.08 2.95 
Table 117. Mean squares from anovas of agronomie trait MO110 (%) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.B 1982 1983 1983 1984 1984 Combined 
Environments 4 205.40** 
Reps/Environments 17 6.99** 
Reps (by environment) 3 6.023** 6.037 0.041 15.386** 8.111** 
Genotypes 9 12.574** 15.615** 33.000** 32.139** 23.111** 97.92** 
Checks vs populations(G1) 1 34.429** 12.607** 106.353** 33.441** 16.324** 173.78** 
Among checks(G2) 1 23.466** 48.514** 123.939** 121.906** 153.734** 443.49** 
Among populations(G3) 7 7.896** 11.345** 9.530 19.129** 5.421* 37.72* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 19.026** 48.040** 5.589 50.135** 4.595 104.61** 
Error (by environment) 27 1.121 2.540 4.049 3.099 1.673 
Genotypes x Environments 36 5.75** 
G1 X Environments 4 7.46* 
G2 x Environments 4 15.46** 
G3 X Environments 26 4.12* 
G4 X Environments 4 5.98* 
Error 153 2.33 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 118. Means of agronomic trait MOI10 {%) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 20.70 26. 06 23. 95 23 .61 25. ,63 23. 69 
BS13(SCT)C5 19.73 24. 31 23. 92 19 .91 24, .26 22. 18 
BSSS2(SCT)C0 20.03 22. 15 23. 08 21 .38 25. 24 22. 17 
BSSS2(SCT)C5 17.61 21. 24 20. 69 17 .46 23, .98 19. 96 
BS13(SCT)C0 X BS13(SCT)C5 21.23 24. 37 21. 20 21 .35 25, .21 22. 54 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 19.66 22. 85 22. 39 17 .35 22, .24 20. 97 
BS13(SCT)C0 X  BSSS2(SCT)C0 20.94 25. 06 23. 63 19 .82 26, .03 22. 90 
BS13(SCT)C5 X  BSSS2(SCT)C5 19.31 22. 04 20. 02 ' 18 .19 22, .79 20. 36 
Mo17 X  A634 16.61 19. 64 14. 35 13 .69 18, .57 16. 58 
B73 X  Mo17 19.41 24. 57 22. 22 21 .50 27. 33 22. 68 
Grand mean 19.52 23. 23 21. 54 19 .43 24, .23 21. 40 
LSD (0.05) 1.23 2. 31 2. 92 2 .55 1, .88 1. 47 
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Rate of grain moisture loss during the filling period was evaluated on 
the basis of growing degree days (GRMOI). The genotypes and among 
populations sources of variation were significant in the Ames 1982, Ames 
1983, and Ankeny 1984 anovas of GRMOI, but were not significant in the 
Ankeny 1983, Ames 1984, or combined anovas (Table 119). Environments and 
the checks vs populations by environments and among populations by 
environments interactions were significant for GRMOI. In the combined 
anova, among checks was the only component of genotypic variation that was 
significant. 
Means of BS13(SCT)C0 across analyses of GRMOI were not consistently 
larger or smaller than means of BS13(SCT)C5 (Table 120). The mean of the 
CO cycle of BS13(SCT) was less than that of the C5 cycle in the combined 
analysis (4.998 vs 5.637%/100 ODD), but the difference was not significant. 
In all six of the analyses of GRMOI, the means of BSSS2(SCT)C0 were greater 
than means of BSSS2(SCT)C5. The difference in the combined analysis 
(6.226%/100 GDD for the CO vs 5.659%/100 GDD for the C5) was not 
significant. In the combined analysis, the check hybrids had a slower rate 
of dry down than did the other entries (5.249 vs 5.369%/100 GDD), but this 
difference was not significant. Check hybrid Mo 17 x A634 had a 
significantly faster rate of dry down than did check B73 x Mo 17 (5.915 vs 
4.583%/100 GDD). 
Vertical root pull (RTPULL) was evaluated in the two 1983 and two 1984 
environments. Genotypic variance was significant in all anovas of RTPULL 
and the among populations source of variation was significant in the Ankeny 
1984 and combined anovas (Table 121). The only component of genotypic 
variation that was not significant in the combined anova was BS13(SCT) vs 
Table 119. Mean squares from anovas of agronomie trait GRMOI (%/100 CDD) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.® 1982 1983 1983 1984 1984 Combined 
Environments 4 57.869** 
Reps/Environments 17 
. 
5.677** 
Reps (by environment) 3 16.818* 1.535** 1.457 0.475 0.645** 
Genotypes 9 23.311** 0.556** 1.338 0.528 0.786** 5.868 
Checks vs populations(G1) 1 26.596 0.090 5.771* 2.151* 0.231 0.041 
Among checks(02) 1 24.482 0.189 1.365 0.723 3.392** 14.888* 
Among populations(G3) 7 22.675** 0.675** 0.700 0.269 0.493** 5.412 
BS13(SCT) vs BSSS2(SCT)(G4) 1 20.338 0.024 0.233 0.733 0.001 3.924 
Error (by environment) 27 6.731 O
 
CD
 
0.767 0.294 0.145 
Genotypes x Environments 36 4.431** 
G1 X Environments 4 8.583** 
G2 X Environments 4 2.663 
G3 X Environments 28 4.090* 
G4 X Environments 4 3.823 
Error 153 2.219 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 120. Means of agronomic trait GRMOI (%/100 ODD) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 2.241 6.060 5.443 6. 355 6.268 4.998 
BS13(SCT)C5 5.978 5.375 4.457 6. 437 5.769 5.637 
BSSS2(SCT)C0 6.131 6.364 5.379 6. 879 6.424 6.226 
BSSS2(SCT)C5 5.581 5.550 4.854 6. 584 5.763 5.659 
BS13(SCT)C0 X  BS13(SCT)C5 2.479 5.880 5.357 6. 392 6.074 4.985 
BSSS2{SCT)C0 ) ( BSSS2{SCT)C5 3.495 5.212 4.433 6. 769 5.949 5.019 
BS13(SCT)C0 X  BSSS2(SCT)C0 6.159 5.879 4.801 7. 067 6.201 6.034 
BS13(SCT)C5 X  BSSS2(SCT)C5 1.646 5.276 4.635 6. 468 5.322 4.395 
Mo17 X  A634 3.977 5.972 6.283 7. 499 6.812 5.915 
B73 X  Mol? 1.121 5.664 5.456 6. 898 5.510 4.583 
Grand mean 3.881 5.723 5.110 6. 735 6.009 5.345 
LSD (0.05) 3.011 0.558 1.271 0. 787 0.553 1.288 
Table 121. Mean squares from anovas of agronomie trait RTPULL (lbs) by environment and over 
environments 
Environment 
Ames Ankeny Ames Ankeny 
Source of Variation d.f. 1983 1983 1984 1984 Combined 
Environments 3 5776.7** 
Reps/Environments 20 550.5 
Reps (by environment) 5 201.2 353.0 747.2 939.8* 
Genotypes 9 872.8** 1401.7** 988.7* 2153.8** 4420.2** 
Checks vs populations(GI) 1 5396.0** 6788.3** 1082.3 5939.1** 17222.9** 
Among checks(02) 1 784.1 1208.0 2560.0** 6325.0** 9307.3** 
Among populations{G3) 7 239.3 659.9 750.8 1017.2* 1893.1** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 345.3 455.1 243.3 2310.4* 2628.6 
Error (by environment) 45 279.3 377.8 339.4 376.7 
Genotypes x Environments 27 306.7 
G1 X Environments 3 389.7 
G2 X Environments 3 536.7 
G3 X Environments 21 262.0 
G4 X Environments 3 209.4 
Error 180 343.5 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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BSSS2(SCT). Environmental variance for RTPULL was observed, but none of 
the genotype by environment interaction sources of variation were 
significant. 
Means of BS13(SCT)C5 for RTPULL were greater than means of BS13(SCT)C0 
in three of the four analyses conducted on separate environments (Table 
122). The mean of the C5 cycle of BS13(SCT) in the combined analysis was 
significantly greater than that of the CO cycle (135.93 vs 124.67 lbs.). 
Means of BSSS2(SCT)C5 were less than means of BSSS2(SCT)C0 in all analyses 
of RTPULL and the difference in the combined analysis was significant 
(116.41 vs 134.87 lbs.). The mean of hybrid check B73 x Mo17 for RTPULL 
was significantly greater than the means of all other entries. 
The six anovas conducted on percentage of plants root lodged (RL) had 
very different results (Table 123). For example, all sources of genotypic 
variation except among checks were significant in the Ames 1982 and Ames 
1984 anovas of RL, but none of the sources of variation in the Ankeny 1984 
anova were significant. In the combined anova, the only interaction 
component that was not significant was the BS13(SCT) vs BSSS2(SCT) by 
environment interaction. 
Means for RL were inconsistent across analyses (Table 124). In the 
Ames 1982 analysis, means of BS13(SCT)C5 were significantly less than means 
of BS13(SCT)C0 (5.08% vs 22.65%). However, in the combined analysis, the 
difference between these cycles was not significant. Conversely, the C5 
cycle of BSSS2(SCT) had significantly greater means for RL than the CO 
cycle in the Ames 1982 analysis (23.34% vs 2.57%). But again, the 
difference between these cycles in the combined analysis was not 
significant. The average of the means of the three BS13(SCT) populations 
Table 123. Mean squares from anovas of agronomie trait RL (%) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 863.5 
Reps/Environments 17 488.3** 
Reps (by environment) 3 238.6 161.7 1894.4** 69.2 259.1 
Genotypes 9 747.1** 133.1 573.3 193.3** 356.4 454.2 
Checks vs populations(GI) 1 2415.6** 806.8** 1803.9* 199.0* 0.0 346.0 
Among checks(G2) 1 30.8 52.5 2556.1** 2.2 728.8 1431.9** 
Among populations(G3) 7 611.1** 48.4 114.2 219.7** 354.1 330.0 
BS13(SCT) vs BSSS2(SCT)(G4) 1 1319.2** 11.5 42.7 296.3* 978.9 1205.8** 
Error (by environment) 27 106.5 70.7 257.2 51.9 272.2 
Genotypes x Environments 36 375.7** 
G1 X Environments 4 1141.3** 
02 X Environments 4 555.5** 
03 X Environments 28 240.6* 
04 X Environments 4 295.3 
Error 153 146.4 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 124. Means of agronomic trait RL (%) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 22.65 14.58 36.77 0.00 10.64 17.45 
BS13(SCT)C5 5.08 11.46 39.58 1.04 13.59 13.33 
BSSS2(SCT)C0 20.83 8.38 37.29 2.58 19.63 18.02 
BSSS2(SCT)C5 32.48 17.42 28.80 23.34 32.67 27.45 
BS13(SCT)C0 X  BS13(SCT)C5 5.74 11.46 43.24 7.39 22.92 17.02 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 16.48 15.85 45.50 3.59 33.17 22.33 
BS13{SCT)C0 X  BSSS2(SCT)C0 27.06 12.42 43.03 6.67 9.17 20.34 
BS13(SCT)C5 X  BSSS2(SCT)C5 9.40 18.75 42.79 4.17 26.28 19.29 
Mo 17 X  A634 3.20 0.00 38.54 0.00 11.46 9.96 
B73 X  Mo 17 0.00 5.13 74.29 1.04 30.55 20.18 
Grand mean 14.29 11.54 42.99 4.98 21.01 18.54 
LSD (0.05) 11.97 12.20 23.27 10.46 28.94 11.86 
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for RL (15.93%) was significantly less than that of the three BSSS2(SCT) 
populations (22.60%). The range of environmental means was from 4.98% root 
lodged in the Ames 1984 analysis to 42.99% in the Ankeny 1983 analysis. 
In comparison to RL, there were few significant sources of variation 
in the anovas of percentage of plants stalk lodged (SL) (Table 125). 
Genotypic variation was significant in the Ames 1982, Ames 1983, and 
combined anovas of SL and the among populations source of variation was 
significant in the Ames 1982 and combined anovas. Environmental variation 
for SL was significant, but genotype by environment interaction was not. 
Means of BS13(SCT)C0 were smaller than means of BS13{SCT)C5 in all six 
analyses of SL, and the difference in the combined analysis was significant 
(15.97% vs 22.70%) (Table 126). In contrast, the means of BSS2(SCT)C0 were 
not consistently greater or less than those of BSSS2(SCT)C5, and the mean 
of the CO cycle in the combined analysis was only slightly less than the 
mean of the C5 cycle (20.32% vs 21.82%). The two check hybrids had 
significantly lower means for SL than the populations (6.37% vs 18.68%). 
The range of environmental means for SL (7.24% for Ankeny 1984 to 23.74% 
for Ankeny 1983) was less than the range of environmental means for RL. 
There were a few statistically significant sources of variation for 
percentage of plants with dropped ears (DE) (Table 127). None of the means 
for DE were greater than 0.5% (Table 128) and none were of practical 
significance. 
Stay green scores (SG) were based on a 1 to 9 scale, with 1 being a 
dead plant. The four anovas conducted on this trait &re presented in Table 
129. The genotypes source of variation for SG was significant in the Ames 
1982, Ankeny 1984, and combined anovas. The only components of genotypic 
Table 125. Mean squares from anovas of agronomie trait SL (%) by environment and over environments 
Environment 
Source of Variation D . F . B  
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 1992.7** 
Reps/Environments 17 209.8** 
Reps (by environment) 3 292.3* 130,9 361.1 190.3 19.3 
Genotypes 9 581.4** 139.2** 259.2 171.8 31.6 725.5** 
Checks vs populations(G1) 1 2902.4** 640.2** 1639.3** 788.8* 130.7 4776.5** 
Among checks(02) 1 2.5 0.0 54.3 0.4 2.3 20.1 
Among populations(G3) 7 322.5* 87.5 91.3 108.2 21.6 247.6* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 94.7 63.9 123.5 324.7 20.3 130.5 
Error (by environment) 27 112.8 60.7 157.3 106.3 31.2 
Genotypes x Environments 36 92.0 
G1 X Environments 4 191.7 
G2 X Environments 4 10.0 
G3 X Environments 28 89.5 
G4 X Environments 4 137.3 
Error 153 95.9 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 126. Means of agronomic trait SL (%) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 24.34 13.54 20.02 11.23 6.52 15.97 
BS13(SCT)C5 39.15 17.80 27.08 12.64 8.56 22.70 
BSSS2(SCT)C0 20.34 21.01 26.75 24.93 8.56 20.32 
BSSS2(SCT)C5 31.87 16.86 32.39 17.70 5.25 21.82 
BS13{SCT)C0 X  BS13(SCT)C5 21.35 9.37 28.89 13.79 11.46 17.37 
BSSS2{SCT)C0 X  BSSS2(SCT)C5 22.89 12.63 30.46 17.11 7.21 18.50 
BS13(SCT)C0 X  BSSS2(SCT)C0 14.98 9.29 19.58 7.42 6.18 11.81 
BS13(SCT)C5 X  BSSS2(SCT)C5 24.65 20.83 30.37 15.63 11.42 20.95 
Mo 17 X  A634 8.01 5.21 13.54 3.74 4.17 7.03 
B73 X  MoT? 7.11 5.13 8.33 4.17 3.08 5.70 
Grand mean 21.47 13.17 23.74 12.83 7.24 16.21 
LSD (0.05) 12.32 11.31 18.20 14.96 8.10 5.79 
Table 127. Mean squares from anovas of agronomic trait DE (%) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.B 1982 1983 1983 1984 1984 Combined 
Environments 4 0.495 
Reps/Environments 17 0.485 
Reps (by environment) 3 1.375 0.000 0.000 0.434 0.000 
Genotypes 9 1.490 0.000 0.000 0.434 0.000 0.406 
Checks,V5 populations(G1) 1 0.301 0.000 0.000 1.736* 0.000 0.668 
Among checks(02) 1 1.575 0.000 0.000 2.170 0.000 1.347* 
Among populations(03) 7 1.648 0.000 0.000 0.001 0.000 0.235 
BS13(SGT) vs BSSS2(SCT)(G4) 1 2.197 0.000 0.000 0.001 0.000 0.314 
Error (by environment) 27 0.783 0.000 0.000 0.434 0.000 
Genotypes x Environments 36 0.328 
01 X Environments 4 0.329 
G2 X Environments 4 0.525 
03 X Environments 28 0.299 
04 X Environments 4 0.399 
Error 153 0.307 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 128. Means of agronomic trait DE (%) by environment and over environments 
Environment 
Genotype 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
BS13(SCT)C0 X  BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
Mol? X A634 
B73 X Mo17 
Grand mean 
LSD (0.05) 
0.00 
0.00 
0.00 
0.00 
0.00 
1.48 
0.00 
0.00 
0.00 
0.72 
0 . 2 2  
1.03 
0.00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.04 
0.10 
0.96 
0.00 
0.00 
0.00 
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  
0.00 
0.00 
0.00  
0.00 
0.39 
0.08  
0.33 
Table 129. Mean squares from anovas of agronomie trait SG (score of 1 to 9) by environment and 
over environments 
Environment 
Source of Variation d.f.® 
Ames 
1982 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 2 50.613* 
Reps/Environments 11 7.478** 
Reps (by environment) 3 3.417** 21.425** 0.300 
Genotypes 9 2.002* 3.781 1.511* 4.583** 
Checks vs populations(GI) 1 7.350** 4.556 1.600 11.815** 
Among checks(G2) 1 0.750 8.000* 8.000** 9.187 
Among populations(G3) 7 1.417 3.067 0.571 2.893** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.111 7.042 1.042 0.694 
Error (by environment) 27 0.824 1.684 0.615 
Genotypes x Environments 18 1.456 
G1 X Environments 2 0.302 
02 X Environments 2 5.357** 
G3 X Environments 14 1.064 
G4 X Environments 2 3.883* 
Error 139 1.001 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which 
contained 6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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variation that were not significant in the combined anova were among checks 
and BS13(SCT) vs BSSS2(SCT). Environments, checks vs populations by 
environments interaction, and BS13{SCT) vs BSSS2(SCT) by environments 
interaction, also were significant in the combined anova of SG. 
In all four analyses of SG, the mean of the CO cycle of BS13{SCT) was 
greater than the mean of the C5 cycle and the difference in the combined 
analysis was significant (6.00 vs 5.00) (Table 130). Means of BSSS2(SCT)C0 
for SG were greater than the means of BSSS2(SCT)C5 in the Ames 1982 and 
Ames 1984 analyses, however, the difference in the means of these two 
populations in-the combined analysis was not significant (5.71 for 
BSSS2(SCT)C0 and 5.36 for BSSS2(SCT)C5). The average of the means of the 
populations for SG (5.58) was significantly greater than that of the two 
checks (4.82) and the mean of check Mo17 x A634 was significantly less than 
that of check B73 x Mo17 (4.36 vs 5.29) . 
In all six anovas conducted on harvest index (HI), the genotypes and 
checks vs populations sources of variation were significant (Table 131). 
In the combined anova, genetic variation among populations and 
environmental variance were significant. Genotypes by environments, checks 
vs populations by environments, and BS13(SCT) vs BSSS2(SCT) by 
environments, also were significant for HI. 
For both BS13(SCT) and BSSS2(SCT), the C5 cycle had a greater mean for 
HI than the CO cycle in four of the five separate environment analyses 
(Table 132). In the combined analysis, the differences between the means 
of BS13(SCT)C0 and BS13(SCT)C5 (43.35% and 45.30%, respectively) and 
between the means of BSSS2(SCT)C0 and BSSS2(SCT)C5 (42.46% and 43.73%, 
respectively) were not significant. The two check varieties had almost 
Table 130. Means of agronomic trait SG (score of 1 to 9) by environment and over 
environments 
Environment 
Ames Ames Ames 
Genotype 1982 1983 1984 Combined 
BS13(SCT)C0 5.50 5.75 7.00 6.00 
BS13(SCT)C5 4.67 4.25 6.25 5.00 
BSSS2(SCT)C0 5.83 4.50 6.75 5.71 
BSSS2(SCT)C5 5.17 3.75 7.25 5.36 
BS13(SCT)C0 X  BS13(SCT)C5 6.00 5.25 6.50 5.93 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 5.50 3.75 7.00 5.43 
BS13(SCT)C0 X  BSSS2(SCT)C0 6.00 5.75 7.00 6.21 
BS13(SCT)C5 X  BSSS2(SCT)C5 5.00 3.75 6.25 5.00 
Mo17 X  A634 4.83 2.75 5.25 4.36 
B73 X  Mol? 4.33 4.75 7.25 5.29 
Grand mean 5.28 4.43 6.65 5.43 
LSD (0.05) 1.05 1.88 1.14 0.77 
Table 131. Mean squares from anovas of agronomie trait HI {%) by environment and over environments 
Environment 
Source of Variation d.f.® 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 1558.93** 
Reps/Environments 17 90.61** 
Reps (by environment) 3 11.91 15.09 289.88** 78.11 110.57** 
Genotypes 9 33.52** 102.40** 178.09** 89.14** 72.59** 362.12** 
Checks vs populations(G1) 1 257.24** 726.30** 1398.29** 451.78** 222.32** 2765.58** 
Among checks(02) 1 0.00 0.22 28.64 18.19 3.33 0.32 
Among populations(G3) 7 6.35 27.87 25.13 47.47** 61.10** 70.45** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.09 0.63 2.24 3.52 248.71** 48.96 
Error (by environment) 27 9.39 13.25 50.52 19.46 17.22 
Genotypes x Environments 36 33.97* 
G1 X Environments 4 107.77** 
G2 X Environments 4 12.52 
G3 X Environments 28 26.49 
G4 X Environments 4 53.58* 
Error 153 20.49 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 132. Means of agronomic trait HI (%) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 46. 65 39 .01 33. 67 41 .33 54. 47 43 .35 
BS13(SCT)C5 48. 35 38 .84 35. 42 47 .45 54. 93 45 .30 
BSSS2(SCT)C0 46. 76 38 .93 34. 41 45 .36 49. 32 43 .73 
BSSS2(SCT)C5 48. 32 38 .93 34. 41 45 .36 49. 32 43 .73 
BS13(SCT)C0 X  BS13(SCT)C5 • 46. 81 42 .10 34. 05 47 .96 61. 56 46 .53 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 47. 02 44 .89 37. 29 46 .50 53. 00 45 .85 
BS13(SCT)C0 X  BSSS2(SCT)C0 49. 08 37 .36 40. 09 43 .38 51. 71 44 .76 
BS13(SCT)C5 X  BSSS2(SCT)C5 48. 91 41 .29 38. 51 52 .03 54. 35 47 .19 
Mo17 X  A634 52. 91 50 .43 52. 51 52 .72 58. 83 53 .43 
B73 X  Mo17 52. 92 50 .76 48. 73 55 .73 60. 12 53 .59 
Grand mean 48. 77 42 .07 38. 80 47 .50 54. 76 46 . 60 
LSD (0.05) 3. 56 5 .28 10. 31 6 .40 6. 02 3 .57 
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identical means for HI (53.43% for Mo17 x A634 and 53.59% for B73 x Mo17) 
and the average of these two means was significantly greater than the 
average of the means of the populations (53.51% vs 44.87%). 
The genotypes source of variation for number of ears per plant (EARS) 
was significant in the Ames 1984 and Ankeny 1984 anovas (Table 133). 
Genotypic variation among populations for EARS was significant in the Ames 
1982, Ames 1984, and Ankeny 1984 anovas. However, in the combined anova of 
EARS, neither genotypes, or any of the components of genotypic variance, 
were significant. Environmental variance and all interaction sources of 
variation except the among checks by environments interaction, also were 
significant for this trait. 
Means of the CO cycles for EARS were not consistently greater or less 
than the means of the C5 cycles for either BS13(SCT) or BSSS2(SCT) (Table 
134). For both BS13(SCT) and BSSS2(SCT), the mean of the CO cycle was less 
than the mean of the C5 cycle in the combined analysis (0.882 vs 0.890 
ears/plant and 0.840 vs 0.871 ears/plant, respectively), but neither 
difference was significant. The BS13{SCT) populations had greater means 
for EARS than the BSSS2(SCT) populations (0.892 vs 0.870 ears/plant) and 
the check varieties had greater means for EARS than did the eight other 
entries (0.931 vs 0.884 ears/plant). However, in the combined analysis of 
EARS, neither of these differences were significant. 
Genotypic variance for final stand counts on the center plot row 
(STAND) was significant in the Ames 1982 and combined anovas (Table 135). 
The among populations and among checks sources of variation were 
significant for STAND in the combined analysis. Environmental variance and 
Table 133. Mean squares from anovas of agronomic trait EARS (ears/plant) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation D . F . B  1982 1983 1983 1984 1984 Combined 
Environments 4 0.3387** 
Reps/Environments 17 0.0286** 
Reps (by environment) 3 0.0075 0.0012 0.1275** 0.0043 0.0165* 
Genotypes 9 0.0086 0.0049 0.0398 0.0085* 0.0235* 0.0165 
Checks vs populations(Gl) 1 0.0002 0.0031 0.1777** 0.0039 0.0000 0.0596 
Among checks(02) 1 0.0069 0.0033 0.0167 0.0003 0.0040 0.0011 
Among populations(03) 7 0.0101* 0.0053 0.0235 0.0103* 0.0162* 0.0125 
BS13(SCT) vs BSSS2(SCT)(OA) 1 0.0470** 0.0013 0.0427 0.0058 0.0567** 0.0308 
Error (by environment) 27 0.0044 0.0043 0.0205 0.0033 0.0048 
Genotypes x Environments 36 0.0155** 
0 1  X  Environments 4 0.0338** 
G2 X  Environments 4 0.0077 
03 X  Environments 28 0.0140** 
04 X  Environments 4 0.0345** 
Error 153 0.0071 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table 134. Means of agronomic trait EARS (ears/plant) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 0. 912 0. 865 0.697 0 .977 0. 946 0. ,882 
BS13(SCT)C5 0. 881 0. 979 0.708 0 .951 0. 937 0. 890 
BSSS2(SCT)C0 0. 964 0. 885 0.547 0 .928 0. 815 0, .840 
BSSS2(SCT)C5 0. 945 0. 916 0.664 0 .873 0. 919 0. 871 
BS13(SCT)C0 X BS13(SCT)C5 0. 880 0. 917 0.789 0 .978 0. 969 0. 904 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 0. 980 0. 916 0.729 1 .011 0. 825 0, .900 
BS13(SCT)C0 X  BSSS2(SCT)C0 0. 972 0. 866 0.771 0 .867 0. 981 0, .899 
BS13(SCT)C5 X  BSSS2(SCT)C5 0. 965 0. 906 0.646 0 .927 0. 957 0. 888 
Ho 17 X  A634 0. 909 0. 948 0.906 0 .970 0. 896 0, .942 
B73 X  MoT? 0. 957 0. 908 0.815 0 .958 0. 940 0. .919 
Grand mean 0. 937 0. 911 0.727 0 .944 0. 919 0 .892 
LSD (0.05) 0. 077 0. 095 0.208 0 .083 0. 101 0, .076 
Table 135. Mean squares from anovas of agronomie trait STAND (plants/plot) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 36.904** 
Reps/Environments 17 4.623** 
Reps (by environment) 3 2.187 0.175 1.000 20.692* 0.567 
Genotypes 9 3.444* 0.358 0.600 9.614 0.767 5.187** 
Checks vs populations{G1) 1 10.417** 1.600* 0.306 4.900 1.056 0.372 
Among checks(02) 1 16.333** 0.125 0.125 10.125 1.125 14.583** 
Among populations(03) 7 0.607 0.214 0.710 10.214 0.674 4.532* 
BS13(SCT) vs BSSS2{SCT)(04) 1 0.694 0.375 1.042 4.617 2.042 4.453 
Error (by environment) 27 1.320 0.255 0.693 5.414 0.641 
Genotypes x Environments 36 2.393 
01 X  Environments 4 4.569* 
02 X  Environments 4 2.504 
03 X  Environments 28 2.066 
04 X  Environments 4 0.989 
Error 153 1.671 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
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the checks vs populations by environments interaction also were significant 
for this trait. 
In all analyses of STAND except Ankeny 1983, the means of the C5 
cycles of both BS13(SCT) and BSSS2(SCT) were greater than the means of the 
CO cycles (Table 136). In the combined analysis, the means of the C5 
cycles were significantly greater than those of the CO cycles in BS13(SCT) 
(21.37 vs 22.25 plants/plot) and in BSSS2(SCT) (22.37 vs 23.87 
plants/plot). The mean of check hybrid B73 x Mo17 for STAND was 
significantly greater than the mean of check hybrid Mo 17 x A634 in the 
combined analysis (24.25 vs 22.75 plants/plot). The grand mean for the 
Ames 1984 analysis (21.93 plants/plot) was smaller than the environmental 
means of the other analyses (the grand mean for the combined analysis was 
23.50 plants/plot). 
Genetic parameters - agronomic traits 
2 Estimates of Apa(13), 2Ap d(2), and H for percentage grain moisture at 
black layer (M0I9), were not consistently positive or negative across 
analyses (Table 137). Negative estimates of these three parameters in the 
combined analysis were not significant. The estimate of Apa(2) in all 
analyses of M0I9 was negative, but none of the estimates of this parameter 
2 
were significant. A significant estimate of 2Ap d(13) in the Ames 1984 
analysis indicated a reduction in M0I9 with the recurrent selection program 
for cold tolerance (-1.84%/cycle), however, the negative estimate of 
2 2Ap d(13) in the combined analysis was not significant. 
Estimates of both Apa(13) and Apa{2) were negative in all six analyses 
of grain moisture at final harvest (MO110), and in the combined analysis 
the estimates of both parameters were significant (-0.24%/cycle for Apa(13) 
Table 136. Means of agronomic trait STAND (plants/plot) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13{SCT)C5 
23.17 
23.50 
24.00 
23.75 
23.75 
24.00 
19.50 
21.00 
23.25 
23.50 
21.37 
22.25 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
23.83 
24.00 
23.75 
23.50 
24.25 
24.50 
20.75 
23.50 
24.00 
24.25 
22.37 
23.87 
BS13(SCT)C0 X 
BSSS2(SCT)C0 ) 
BS13(SCT)C5 
c BSSS2{SCT)C5 
23.50 
23.17 
24.00 
13.75 
24.50 
24.75 
21.75 
20.50 
24.00 
24.25 
22.87 
22.37 
BS13(SCT)C0 X 
BS13(SCT)C5 X 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
23.33 
23.83 
24.25 
24.00 
25.00 
24.00 
23.00 
24.00 
24.50 
24.00 
23.75 
24.00 
MolT X A634 
B73 X Mo17 
21.33 
23.67 
24.25 
24.50 
24.00 
24.25 
21.50 
23.75 
24.00 
24.75 
22.75 
24.25 
Grand mean 23.33 23.97 24.30 21.93 24.05 23.50 
LSD (0.05) 1.33 0.73 1.42 3.38 1.16 0.80 
Table 137. Genetic parameter estimates of agronomic trait M0I9 (%) by environment and over 
environments 
Environment 
Ames Ames Ames 
Parameter 1982 1983 1984 Combined 
M13 30.70*±0.53 30.07*±1.05 31.19*±1.60 30.66*±0.87 
Apa(13) -0.18 ±0.13 -0.29 ±0.27 0.50 ±0.40 -0.01 ±0.22 
2Ap^d(13) 0.21 ±0.25 0.70 ±0.49 -1.84*±0.74 -0.23 ±0.18 
M2 30.24*±0.53 30.02*±1.05 31.57*±1.60 30.55*±0.87 
Apa(2) -0.14 ±0.13 -0.17 ±0.27 -0.46 ±0.40 -0.24 ±0.22 
2Ap^d(2) 0.03 ±0.25 0.06 ±0.49 -0.63 ±0.74 -0.14 ±0.41 
H -0.57 ±0.53 0.77 ±1.05 -2.09 ±1.60 -0.62 ±0.87 
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and -0.25%/cycle for Apa(2)) (Table 138). Estimates of 2Ap^d{13), 
2 2Ap d(2), and H, were inconsistent in regard to sign (positive vs negative) 
2 2 
across analyses. Estimates of 26p d(l3} and 2Ap d(2) were positive in the 
combined analysis of MO110, and the estimate of H was negative, but none 
were significant. 
2 
The estimates of Apa(13), 2Ap d(13), and H, were not consistently 
positive or negative across analyses for rate of grain moisture loss 
(GRMOI) (Table 139). In the combined analysis, the estimate of Apa(13) was 
2 
negative and of 2Ap d(13) was positive, but neither was significant. In 
all analyses of GRMOI, the estimates of Apa(2) were negative and the 
2 
estimates of 2Ap d(2) were positive. The estimate of Apa(2) in the 
combined analysis (-0.269%/100 GDD/cycle) was significant and suggested a 
slower rate of dry down was correlated with recurrent selection for cold 
2 tolerance in BSSS2(SCT). A significant estimate of 2Ap d(2) also was 
observed in the combined analysis of GRMOI (0.411%/100 GDD/cycle). 
Genetic parameter estimates for vertical root pull resistance (RTPULL) 
were very consistent compared to those of other traits (Table 140). In all 
analyses, estimates of Apa(13) were positive and estimates of Apa(2) and 
2 2Ap d(13) were negative. The estimates of 2.55 lbs./cycle for Apa(13), 
-2.85 lbs./cycle for Apa(2), and -3.90 lbs./cycle for 2Ap^d(13), were all 
significant in the combined analysis of RTPULL. Only the estimates of 
2 2Ap d(2) and H were inconsistent in regard to sign across the analyses. In 
2 the combined analysis, neither the positive estimate of 2Ap d(2) nor the 
negative estimate of H were significant. 
In contrast to RTPULL, parameter estimates for percentage of plants 
root lodged (RL) were very inconsistent (Table 141). Estimates of M13 were 
Table 138. Genetic parameter estimates of agronomic trait M0I10 (%) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 21.00*±0.39 27.40*±2.30 23.97*±0.92 22.83*±0.80 25.77*±0.59 23.72*±0.39 
Apa(13) -0.01 ±0.10 -0.47 ±0.58 -0.56*±0.23 -0.14 ±0.20 -0.14 ±0.15 -0.24*±0.10 
2Ap^d(13) -0.23 ±0.18' 0.53 ±1.07 1.11*±0.43 -0.30 ±0.37 -0.03 ±0.27 -0.09 ±0.39 
M2 20.33*±0.39 22.49*±2.30 23.11*±0.92 20.61*±0.80 25.38*±0.59 22.20*±0.39 
Apa(2) -0.19 ±0.10 0.01 ±0.58 -0.15 ±0.23 -0.50*±0.20 -0.45*±0.15 -0.25*±0.10 
2Ap^d{2) -0.16 ±0.18 -0,26 ±1.07 -0.19 ±0.43 0.36 ±0.37 0.63*±0.27 0.06+0.18 
H -0.03 ±0.39 0.28+2.30 0.05 ±0.92 -1.12 ±0.80 0.32 ±0.59 -0.09 ±0.39 
Table 139. Genetic parameter estimates of agronomic trait GRMOI (%/100 GDD) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 2.593*10.967 5.939*±0.176 5.299*±0.400 6.442*±0.248 6.303*±0.178 5.068*±3.089 
Apa(13) -0.093 ±0.245 0.013 ±0.045 0.041+0.101 -0.028 ±0.063 -0.053 ±0.045 -0.030 ±0.078 
2Ap^d(13) 0.864 ±0.450 -0.138 ±0.082 -0.249 ±0.186 0.054 ±0.115 -0.001 ±0.083 0.175 ±0.143 
M2 6.483*±0.967 6.243*±0.176 5.234*±0.400 6.967*±0.248 6.459*±0.178 6.296*±3.089 
Apa(2) -0.668*±0.245 -0.182*±0.045 -0.131 ±0.101 -0.057 ±0.063 -0.109*±0.045 -0.269*±0.078 
2Ap^d(2) 1.156*±0.450 0.225*±0.082 0.187 ±0.186 0.038 ±0.115 0.079 ±0.083 0.411*±0.143 
H 1.268 ±0.967 -0.090 ±0.176 -0.321 ±0.400 0.275 ±0.248 -0.215 ±0.178 0.282 ±3.089 
Table 140. Genetic parameter estimates of agronomic trait RTPULL (lbs) by environment and over 
environments 
Environment 
Ames Ankeny Ames Ankeny 
Parameter 1983 1983 1984 1984 Combined 
M13 120.68*±6.23 121.08*+?.24 140.02*±7.52 135.20*±7.23 129.25*±3.48 
ûpa(13) 1.04+1.58 3.97*±1.83 2.81+1.90 2.79+1.83 2.65*±0.88 
2Ap^d(13) -3.56 ±2.89 -4.43 ±3.37 -4.84+3.50 -2.76 ±3.36 -3.90+1.62 
M2 117.85*±6.23 140.50*17.24 158.05*+?.52 142.70*+7.23 139.77*+3.48 
Apa(2) -0.12 ±1.58 -3.87*+1.83 -2.52 ±1.90 -4.89*±1.83 -2.85*+0.88 
2Ap^d(2) -2.08 ±2.89 3.15 ±3.37 -3.08 ±3.50 6.16 ±3.36 1.04 ±1.62 
H -2.03 ±6.23 2.54 ±7.24 -8.88 ±7.52 4.44 ±7.23 -0.98 ±3.48 
Table 141. Genetic parameter estimates of agronomic trait RL (%) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 22.05*13.86 14.25*±3.84 39.26*±7.32 1.82 ±3.29 12.09 ±7.53 18.27*±3.02 
6pa(13) -3.14*±0.9T -0.49 ±0.97 0.30 ±1.85 0.75 ±0.83 1.87 ±1.91 -0.41 ±0.76 
2Ap^d(13) *2.89 ±1.79 0.43 ±1.78 -0.53 ±3.40 -1.66 ±1.53 -3.45 ±3.50 -0.16 ±1.40 
M2 20.23*13.86 8.05*±3.84 39.78*±7.32 4.39*±3.29 21.08*±7.53 18.84*±3.02 
Apa(2) -0.63 ±r..97 1.63 ±0.97 0.65 ±1.85 -0.53 ±0.83 2.13 ±1.91 0.53+0.76 
2Ap^d(2) 3.71*±1.79 -1.38 ±1.78 -3.49 ±3.40 4.84*±1.53 -1.94 ±3.50 0.65 ±1.40 
H 6.52 ±3.86 1.60 ±3.84 1.03 ±7.32 1.75 ±3.29 -8.86 ±7-53 0.96 ±3.02 
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not significant in the Ames 1984 and Ankeny 1984 analyses and the estimate 
of M2 was not significant in the Ames 1984 analysis. In the combined 
analysis of RL, only the estimates of M13 and M2 were significant (18.27% 
and 18.84%, respectively). None of the genetic parameters other than M13 
and M2 were either positive or negative across all analyses of RL. In the 
2 
combined analysis the estimates of Apa(13) and 2Ap d(13) were negative and 
2 
estimates of Apa(2), 2Ap d(2), and H, were positive. 
With the exception of the estimate of Ml3 in the Ames 1984 analysis, 
all estimates of Ml3 and M2 for percentage of plants stalk lodged (SL) were 
significant (Table 142). All estimates of Apa{13) for SL were positive, 
but the estimate in the combined analysis was not significant. The 
estimate of H in the Ames 1983 analysis was the only estimate of this 
parameter that was positive, and the estimate of this parameter in the 
combined analysis of SL was not significant. Estimates of Apa(2), 
2 2 2Ap d(13), and 2Ap d(2), did not have consistent signs (positive vs 
negative) across the analyses and, in the combined analysis, the negative 
2 2 
estimate of 2Ap d(13) and positive estimates of Apa(2) and 2Ap d(2) were 
not significant. 
In three of the five analyses of percentage of plants with dropped 
ears (DE) the estimates of all genetic parameters were zero (Table 143). 
Even the significant estimates for DE probably have no practical 
significance. 
Stay green scores (SG) were based on a 1 to 9 scale, with 1 being a 
dead plant. The estimates of M13 and M2 were the only estimates that were 
significant in any of the four analyses of SG (Table 144). The parameters 
2 
M13, M2, and 2Ap d(2), had the same sign in all four analyses of SG, but 
Table 1A2. Genetic parameter estimates of agronomic trait SL (%) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 22.65*±3.96 9.53*±3.56 20.31*±5.73 8.99*±4.71 6.25*±2.55 14.37*+1.89 
Apa(13) 0.07 ±1.00 0.77+0.90 1.65+1.45 1.41+1.12 1.10 ±0.65 0.92 ±0.48 
2Ap^d(13) 3.15 ±1.84 0.11+1.65 -1.96 ±2.66 -2.09 ±2.19 -1.73 ±1.18 -0.17 ±0.88 
M2 18.65*±3.96 17.00*±3.56 27.05*±5.73 22.68*±4.71 8.28*±2.55 18.73*±1.89 
Apa(2) 1.18 ±1.00 -0.07+0.90 0.62 ±1.45 -0.67 ±1.12 -0.16 ±0.65 0.27 ±0.48 
2Ap^d(2) 0.28 ±1.84 0.11 ±1.65 -0.18 ±2.66 0.34 ±2.19 -0.29+1.18 0.07 ±1.88 
H -3.99 ±3.96 0.04+3.56 -4.40 ±5-73 -6.17 ±4.71 -0.81 ±2.55 -3.15 ±1.89 
Table 143. Genetic parameter estimates of agronomic trait DE (%) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 0.247 ±0.330 0.000 ±0.000 0.000 ±0.000 0.000.±0.000 0.000 ±0.000 0.067 ±0.108 
Apa(13) -0.099 ±0.083 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 -0.027 ±0.027 
2Ap^d(13) 0.148 ±0.153 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.040 ±:.050 
M2 0.247 ±0.330 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.067 ±0.108 
Apa(2) 0.198*±0.083 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.054 ±0.027 
2Ap^d(2) -0,444*±0.153 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 -0.121*±0.050 
H -0.494 ±0.330 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 0.000 ±0.000 -0.135 ±0.108 
Table 144. Genetic parameter estimates of agronomic trait SG (score of 1 to 9) by environment 
and over environments 
Environment 
Ames Ames Ames 
Parameter 1982 1983 1984 Combined 
M13 5.69*±0.34 5.87*±0.59 7.08*10.36 6.14*±0.25 
Apa(l3) 0.02+0.09 -0.15 ±0.15 -0.13 ±0.09 -0.07 ±0.06 
2Ap^d(13) -0.25 ±0.16 -0.03 ±0.27 0.10 ±0.17 -0.09 ±0.11 
M2 6.03*±0.34 4.63*±0.59 6.83*±0.36 5.86*±0.25 
Apa(2) -0.14 ±0.09 -0.20 ±0.15 0.02 ±0.09 -0.11 ±0.06 
2Ap^d(2) 0.12 ±0.16 0.23+0.27 0.05 ±0.17 0.13 ±0.11 
H -0.05 ±0.34 0.37 ±0.59 -0.04 ±0.36 0.07 ±0.25 
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the signs of the other parameters were inconsistent. Estimates of Apa{13), 
2 Apa(2), and 2Ap d(13), were negative in the combined analysis of SG and 
2 
estimates of 2Ap d(2) and H were positive. 
The estimate of Apa(2) was positive in all analyses of harvest index 
(HI), but was not significant in the combined analysis (Table 145). The 
2 
estimate of 2Ap d(2) for HI was negative in all analyses except Ames 1982, 
but like Apa(2), was not significant in the combined analysis. Across 
2 
analyses, the estimates of Apa(13), 2Ap d(13), and H, were not consistently 
positive or negative. The positive estimates of Apa(13) and H and negative 
2 
estimate of 2Ap d(13) in the combined analysis of HI were not significant. 
Estimates of genetic parameters other than M13 and M2 were not 
consistently positive or negative across all analyses of number of ears per 
plant (EARS) (Table 146). For example, the negative estimate of K in Ames 
1984 analysis and the positive estimate of H in the Ankeny 1984 analysis 
were both significant. In the combined analysis of EARS, neither the 
2 positive estimates of 2Ap d(13), Apa(2), and H, nor the negative estimates 
2 
of Apa(13), and 2Ap d(2), were significant. 
2 
Estimates of 2Ap d{13) and Apa(2) were negative in all of the analyses 
of final stand in the center plot row (STAND), but not significant in the 
combined analysis (Table 147). Estimates of H were positive in all 
2 
analyses, but like 2Ap d(13) and Apa(2), not significant in the combined 
2 
analysis. The estimates of Apa(13) and 2Ap d(2) were not consistently 
positive or negative across the analyses of STAND and in the combined 
analysis the positive estimates of both of these parameters were not 
significant. 
Table 145. Genetic parameter estimates of agronomic trait HI (%) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 46.75*±1.15 40.17*±1.66 34.67*±3.24 41.65*±2.01 55.82*±1.89 44.08*+0.87 
Apa(13) -0.01+0.23 0.15+0.42 -0.32 ±0.82 1.20*±0.51 0.88+0.48 0.34 ±0.22 
2Ap^d{13) 0.33 ±0.53 -0.57 ±0.77 0.79 ±1.51 -1.24 ±0.94 -1.93*+0.88 -0.45 ±0.41 
M2 46.86*±1.15 38.26*±1.66 34.27*±3.24 42.89*±2.01 50.86*±1.89 42.98*±0.87 
Apa(2) 0.01 ±0.23 1.09**0.42 0.40 ±0.82 0.66 ±0.51 0.19 ±0.48 0.43 ±0.22 
2Ap^d(2| 0.27 ±0.53 -2.05*+".77 -0.78 ±1.51 -0.82 ±0.94 -0.66 ±0.88 -0.71 ±0.41 
H 2.18 ±1.15 -3.01 ±1.66 4.63 ±3.24 0.80 ±2.01 -2.90 ±1.89 0.51 ±0.87 
Table 146. Genetic parameter estimates of agronomic trait EARS (ears/plant) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 0.911*±0.025 0.872*±0.030 0.763*10.065 0.981*10.026 0.955*10.032 0.898*10.023 
6pa(13) -0.006 10.006 0.007 10.008 -0.008 10.017 -0.00110.007 0.001+0.008 -0.002 +0.006 
2Ap^d(13) 0.006 10.011 0.006 10.014 0.005 10.030 -0.003 10.012 -0.005 10.015 0.002 10.011 
M2 0.963*10.025 0.892*10.030 0.614*10.065 0.932*10.026 0.825*10.032 0.856*10.023 
Apa(2) 0.004 ±0.006 0.003 10.008 0.010 +0.017 0.015*10.007 -0.002 10.008 0.006 10.006 
2Ap^d(2) -0.011 ±0.011 -0.002 10.014 -0.009 10.030 -0.042*10.012 0.023 10.015 -0.009 10.011 
H 0.037 ±0.025 -0.023+0.030 0.016 10.065 -0.094*10.026 0.082*10.032 0.007 10.023 
Table 147. Genetic parameter estimates of agronomic trait STAND (plants/plot) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 23.03*10.43 23.04*±0.23 24.13*±0.45 19.67*±1.06 23.50*±0.11 22.89*±0.26 
Apa(13) 0.12 ±0.11 -0.02 ±0.06 -0.01 ±0.11 0.38 ±0.27 0.05 ±0.03 0.11 ±0.07 
2Ap^d(13) -0.15 ±0.20 -0.03 ±0.11 -0.03 ±0.21 -0.50 ±0.49 -0.10 ±0.05 -0.16 ±0.12 
M2 23.69**0.43 23.79*±0.23 24.63*±0.45 20.92*±1.06 24.25*±0.11 23.48*±0.26 
6pa(2) -0.08 ±0.11 -0.02 ±0.06 -0.05 ±0.11 -0.12 ±0.27 -0.05 ±0.03 -0.06 ±0.07 
2Ap^d(2) 0.22 ±0.20 -0.03 ±0.11 0.07 ±0.21 0.75 ±0.49 0.10 ±0.05 0.22 ±0.12 
H 0.11 ±0.43 0.29 ±0.23 0.25 ±0.45 2.54*±1.06 0.37*±0.11 0.664±0.26 
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DISCUSSION 
Analyses in General 
With a few exceptions, coefficients of variation were in an acceptable 
range (below 20%). Traits which had excessive coefficients of variation 
were number of kernels abscised from shortly after pollination to final 
harvest (KABS), stover dry weight reduction during grain filling (CPDW), 
and percentage stover dry weight reduction during grain filling (PCPDW). 
In each of the anovas conducted on KABS the coefficient of variation was at 
least 85% (Table 104). In the combined anovas of CPDW and PCPDW, the 
coefficients of variation were 108% and 117%, respectively (Tables 21 and 
22)  .  
Coefficients of variation for these traits were high partly because 
they were calculated across sample dates. Consequently, whole plot 
variance was confounded with error mean squares. Future studies which 
evaluate kernel abortion and stover dry weight loss should consider methods 
that minimize variation across dates of sampling. 
All ontogenetic traits, rate of grain filling, rate of ovule 
formation, and rate of grain moisture loss, were evaluated on the basis of 
days and growing degree days (GDD). Environmental grand means were 
different for traits calculated on a day vs on a GDD basis. These 
differences were most conspicuous for traits evaluated at sample dates that 
coincided with physiological events: sample date 2 (ear initiation), 
sample date 5 (silking), and sample date 9 (black layer formation). 
Generally, grand means for traits calculated on a GDD basis were more 
consistent across environments than traits calculated on a day basis. 
These results concur with those of Gilmore and Rogers (1958), who observed 
2 4 3  
that the date of flowering in maize was more repeatable if time from 
planting to silking was quantified on the basis of GDD, rather than days. 
Although relative magnitudes of environmental means were not the same 
on day vs GDD bases, the relative performance of entries was very similar 
regardless of calculation method. The few instances where differences 
among entries were not the same on a day basis as on a GDD basis were 
probably of no practical significance. Therefore, results of traits 
measured on day and GDD bases had similar interpretations because the 
objectives of this study pertained to the relative performance of the 
entries. 
Careful examination of results from various environments separately 
sometimes reveals how some conditions influenced the expression of 
correlated responses. In this study, however, there were not any 
consistent associations between any particular environmental conditions and 
correlated responses. Consequently, the most appropriate results to draw 
conclusions from were those from the combined analyses. 
Genotype by environment interaction was significant for most traits 
and changes in rank of the CO and C5 cycles of both populations were 
observed. Inconsistency across environments also was evident among the 
genetic parameter estimates. For example, in the Ames 1982 analysis of GDD 
2 from silking to black layer (GSBL), the estimate of 26p d(13) was negative 
(-16.5 GDD/cycle) (Table 69). Conversely, in the Ames 1984 analysis, the 
2 
estimate.of 2Ap d(13) was positive (23.4 GDD/cycle). Both of these 
estimates were significant. These changes in sign (positive vs negative) 
for genetic parameter estimates indicated that the model proposed by Smith 
( 1979a) was influenced by genotype by environment interaction and that 
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multiple environment analyses may be required in studies utilizing this 
model. 
Previous studies have demonstrated the usefulness of the model 
proposed by Smith (1979a). Estimates of change per cycle of recurrent 
selection with this model were often greater than those with other models 
because it corrects biases due to genetic drift (Smith 1979a and Smith 
1979b). The populations utilized in this study also were evaluated by 
Hoard (1984), and she observed significant genetic drift for many traits. 
In contrast, the ability of the model by Smith (1979a) to readily 
detect changes due to recurrent selection was not readily apparent in this 
study. In 16 instances, the difference between the means of the CO and the 
C5 cycles was significant, suggesting a correlated change with selection 
for cold tolerance, but the estimate of Apa was not significant. In only 
nine instances was the Apa estimate significant when the CO and C5 cycle 
means were not significantly different- In four of these nine instances, 
2 
the estimate of 2Ap d was significant, indicating that means were biased by 
genetic drift due to restricted population size. In fact, of the 55 traits 
2 
evaluated in using the Smith model, estimates of 2Ap d(13) were significant 
2 for only seven traits (13%) and estimates of 2Ap d(2) were significant for 
only four traits (7%). 
Proposed explanations for the contrasting results between this study 
and others that have utilized the model proposed by Smith (1979a) would 
only be speculative. Differences in the traits examined, methods of 
evaluation, and/or populations being studied, may have been involved. 
In only five of the 55 combined analyses (9%) was the estimate of H 
significant. Both BS13 and BSSS2 are derivatives of the BSSS(HT)C6 
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population (Penny, 1968 and Penny and Eberhart, 1971). Consequently, lack 
of heterotic response was not surprising. 
Ontogeny 
The recurrent selection programs for cold tolerance resulted in 
earlier flowering in both populations. The C5 cycles of BS13(SCT) and 
BSSS2{SCT) silked at least 40 GDD earlier than the CO cycles (Table 54), 
and Apa estimates indicated that the selection programs reduced days from 
planting to silking an average of 6.9 GDD/cycle (Table 65). Reductions in 
both time from planting to ear initiation and time from ear initiation to 
silking were responsible for observed reductions in time from planting to 
silking 
Although a correlated decrease in time from planting to flower was 
observed, recurrent selection for cold tolerance did not change time from 
planting to black layer formation. Comparisons of means of CO vs C5 cycles 
and Apa estimates for both BS13(SCT) and BSSS2(SCT) indicated that no 
significant change occurred in GDD from planting to black layer (GPBL) 
(Tables 56 and 66). 
A relationship between vigorous seedling growth and early maturity has 
been observed in many studies (Castleberry et al., 1978; Lee and Estes, 
1982; and MacLean and Donovan, 1973). Mock and Erbach (1977) observed a 
reduction in time from planting to silking in BSS2(SCT) after three cycles 
of recurrent selection for cold tolerance. Mock and Bakri (1976) 
hypothesized that BS13(SCT) and BSSS2(SCT) flowered earlier after two and 
three cycles, respectively, because of unconscious selection for earliness 
during recurrent selection. These authors did state, however, that 
correlated response could not be ruled out. Hoard (1984) also obtained 
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genetic parameter estimates that indicated correlated reductions in the 
time from planting to silk in BS13{SCT) and BSSS2(SCT) (0.26 days/cycle for 
Apa(13) and 0.34 days/cycle for Apa(2)). 
In contrast, McConnell and Gardner (1979a) observed a correlated 
increase in time from planting to flowering in Pioneer Cold Tolerant 
Synthetic and a correlated decrease in Iowa Stiff Stalk Synthetic. Mock 
and Eberhart (1972) studied BS13(SCT) and BSSS2{SCT) and concluded that low 
gentoypic correlations between flowering date and cold tolerance traits 
suggested that selection for cold tolerance should not change maturity. 
To recapitulate, results of this study and most of the current 
literature suggests that selection for cold tolerance will indirectly 
select for earliness, particularly in derivatives of Iowa Stiff Stalk 
Synthetic. Consequently, although the exact correlated responses may vary 
with populations, breeders selecting for cold tolerance should be aware 
that a correlated reduction in the time from planting to flowering is 
possible. 
Vegetative Growth 
With the normal planting dates used in this study, a correlated 
increase in percentage emergence (PEMRG) of 1.61%/cycle was observed in 
BS13(SCT) (Table 37). Correlated changes in BSSS2(SCT) were not 
significant. 
These results concur with those reported by Hoard (1984). She 
observed significant increases in percentage emergence with early planting 
dates in both BS13(SCT) and BSSS2(SCT) (estimates of 1.26%/cycle for 
Apa(13) and 0.81 %/cycle for Apa(2)). However, with normal planting dates 
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only BS13(SCT) had a significant increase in early stand counts (0.16 
plants/cycle). 
Rush and Neal (1951) observed significant differences in percentage 
germination among entries at 20°C that were not significant at room 
temperature. Evidently, more improvement in PEMRG has been made in 
BS13(SCT) than in BSSS(SCT) and the correlated improvement in BSSS2(SCT) 
was not expressed at normal planting dates. Greater improvement in 
BS13(SCT) could have occurred even though the mean of the three BS13(SCT) 
populations for PEMRG in this study was less than the mean of the three 
BSSS2{SCT) populations (82.7% vs 90.9%) (Table 14). Estimates of genetic 
variability and predicted gains from studies by Mock and Eberhart (1972) 
and Crosbie et al. 1980) were greater in BS13(SCT) than in BSSS2(SCT). 
Results suggested that selection for cold tolerance had no effect on 
early seedling growth rates in experiments planted at normal dates. 
Estimates of Apa(13) and Apa(2) for early vigor scores (EV), plant dry 
weight at sample date 1 (FDWI), and number of collared leaves at sample 
date 1 (LEVI), were not significant (Tables 38, 39, and 40, respectively). 
Hoard (1984) did not observe correlated changes in seedling vigor 
scores in either BS13(SCT) or BSSS2(SCT) when experiments were planted at 
normal dates. However, she did find correlated increases in seedling dry 
weight when experiments were planted at early dates (4.5%/cycle in 
BS13(SCT) and 4.8%/cycle in BSSS2(SCT)). 
These results suggested that separate genetic systems exist for 
seedling growth rate at warm vs cold temperatures. As with PERMG, most 
differentiation among genotypes for seedling growth rates was present at 
cold temperatures. 
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Plant sizes approximately midway through vegetative growth were 
increased a small amount by recurrent selection for cold tolerance. The 
estimate of Apa(2) for number of collared leaves at sample date 3 (LEV3) 
was 0.026 leaves/cycle (Table 46). The mean of BSSS2(SCT)C5 for leaf area 
at sample date 3 (LA3) was 8% greater than that of BSSS2(SCT)C0 (6184 vs 
2 5879 cm ) (Table 26). Similarly, Mock and Bakri (1976) estimated selection 
for cold tolerance resulted in a 0.2 increase in juvenile leaf number per 
cycle of selection in BS13(SCT). 
Conversely, results of most other studies have indicated that mature 
plant sizes were not changed or reduced slightly by recurrent selection for 
cold tolerance. In this study, none of the estimates of plant dimensions 
at sample date 6 (plant dry weight (PDW6), leaf area [LA6), and leaf number 
(LEV6)) indicated that selection for cold tolerance had increased the size 
of the plants. The mean of BSSS2(SCT)C5 for PDW6 was 8% less than that of 
BSSS2(SCT)C0 (128.31 vs 139.11 g/plant) (Table 20) and the mean of 
BS13(SCT)C5 for LEV6 was 0.682 leaves less than that of BS13(SCT)C0 (20.65 
leaves/plant vs 21.33 leaves/plant) (Table 34). Similarly, the estimate of 
Apa(2) for LEV6 was -0.071 leaves/plant/cycle (Table 47). 
Hoard (1984) observed reductions in plant and ear height with 
improvement of cold tolerance. Means of the C5 cycles of both BS13(SCT) 
and BSSS2(SCT) for ear height were more than five centimeters less than the 
CO cycles. The estimate of Apa(2) for ear height was -1.26 cm/cycle. The 
mean of BSSS2(SCT)C5 for plant height also was significantly less than that 
of BSSS2{SCT)C0 (211.28 vs 219.15 cm). Mock and Bakri (1976) observed a 
reduction of 6.3 cm/cycle in BSSS2(SCT) for mature plant height. The 
reduction in plant height in BS13{SCT) was not significant. Similarly, 
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Mock and Erbach (1977) observed a reduction in mature plant heights in 
BSSS2(SCT) after two cycles of recurrent selection for cold tolerance. 
McConnell and Gardner (1979a) determined that four cycles of recurrent 
selection did not change plant heights in either Pioneer Cold Tolerant 
Synthetic or Iowa Stiff Stalk Synthetic. 
COg exchange rates were evaluated when plants were at the seedling 
stage (CERI), as juveniles (CER3), and at the beginning of linear 
grain-fill (CER6). The only correlated change in CO^ exchange rates was 
- 2  - 1  
the positive estimate of Apa(2) for CER3 (0.911 mg CO^ dm hr /cycle) 
(Table 48). Observed increases in LEV3, LA3, and CER3 in BSSS2(SCT), 
suggested a more rapid growth rate in the juvenile stages. However, as 
described earlier, plant sizes at maturity were not increased with 
selection for cold tolerance. 
To briefly review the discussion in this section, increased rates of 
seedling growth in cold temperatures realized with recurrent selection for 
cold tolerance were not evident with normal planting dates. Plant sizes 
midway through the vegetative growth period may have been increased by 
selection for cold tolerance, but mature plant sizes were slightly reduced 
or not changed. These increases in plant size at juvenile stages may be 
related to the earlier maturity of the improved populations. Subsequent, 
mature plant sizes were not effected by selection for cold tolerance 
because vegetative plant growth ends sooner. Apparently, selection for 
cold tolerance increases the rate of juvenile growth and decreases the 
duration. 
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Grain Yield 
Many studies have reported that early flowering and high yields are 
correlated, but, the reason for this has not been unequivocally established 
(Benoit et al., 1965; Crosbie and Mock, 1979; Pendleton and Egli, 1969; and 
Mock and Pearce, 1975). Although results of this study indicated that 
selection for cold tolerance did indirectly cause BS13(SCT) and BSSS2(SCT) 
to become earlier, correlated increases in grain yield were not observed. 
The C5 and CO cycle means of both BS13(SCT) and BSSS2(SCT) were not 
significantly different for grain expressed as either Mg/ha (MGHA) or 
g/plant (PYLD) (Tables 71 and 73, respectively). For both of these traits 
and both of these populations estimates of Apa and H were positive and 
2 
estimates of 2ap d were negative, but none were significant (Tables 82 and 
83). 
Hoard (1984) also examined the correlated changes in grain yield 
associated with five cycles of recurrent selelction for cold tolerance in 
BS13(SCT) and BSSS2(SCT). As in this study, means of the C5 cycles for 
grain yield expressed as Mg/ha and g/plant were not significantly different 
than the CO cycles in her experiments planted at normal dates. In contrast 
to this study, estimates of Apa(13) (1.24 Mg/ha/cycle), Apa(2) (0.89 
Mg/ha/cycle), 2Ap^d(13) (-2.43 Mg/ha/cycle), 2Ap^d(2) (-1.79 Mg/ha/cylce), 
and H (2.77 Mg/ha/cycle), were significant in Hoard's study. Estimates of 
these parameters for individual plant yields also were significant. In 
experiments planted at early dates, estimates of Apa( 13) and Apa(2) were 
positive for grain yield expressed as both Mg/ha and g/plant, but were only 
significant when calculated as Mg/ha. 
2 5 1  
Reasons why correlated increases in grain yield were not observed in 
this study but were observed in the study conducted by Hoard (1984) are not 
readily apparent. The two studies had very similar field husbandry 
techniques, with the exception of harvesting procedures. In this study, 
single row plots were hand harvested. In Hoard's study, two row plots were 
machine harvested. The genotype by environment interaction observed in 
this study may have been responsible for the discrepancies between results 
from this study and those of Hoard. Another plausible reason is that Hoard 
evaluated 32 cycles per se, cycles selfed, intrapopulation crosses, and 
interpopulation crosses, from the CO through C5 cycles of BS13{SCT) and 
BSSS2(SCT). In this study, only eight cycles per se, intrapopulation 
crosses, and interpopulation crosses, were evaluated (Table 1). It is 
assumed that genetic paramter estimates are unbiased. Consequently, 
Hoard's estimates would have lower standard errors because of more degrees 
of freedom for estimation. 
Mock and Bakri (1976) and Mock and Erbach (1977) evaluated BS13(SCT) 
and BSSS2(SCT) after two and three cycles of recurrent selection for cold 
tolerance, respectively. Neither study made a correction for genetic 
drift. Mock and Bakri (1976) observed no significant changes in either 
population with plantings in Iowa on 25 April one year and 2 April in the 
next. Mock and Erbach (1977) observed that the grain yield of BS13{SCT)C2, 
averaged over the four tillage treatments used in their study, was greater 
than that of BS13(SCT)C0. No differences between the CO and C3 cycles of 
BSSS2(SCT) were observed. 
Few studies on effects of selection for cold tolerance on grain yield 
have been conducted with populations other than BS13(SCT) and BSSS2(SCT). 
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McConnell and Gardner (1979a) observed no significant change in grain yield 
in either Pioneer Cold Tolerant Synthetic or Iowa Stiff Stalk Synthetic 
after four cycles of recurrent selection for cold tolerance. S.D. Jensen, 
at the Pioneer Research Center in York, NE, concluded that decreased grain 
yield was correlated with improvement of cold tolerance (personal 
communication). Smith (1979a) reviewed how genetic drift could seriously 
bias observed changes from recurrent selection. In neither of the above 
programs was correction made for changes due to restricted population size. 
The association between seedling vigor and grain yield may be 
dependent on the population. Studies by Tapper (1983), Fakorede and Agbana 
(1983), and Mock and McNeill (1979), have indicated that a positive 
association between seedling vigor and grain yield exists. In contrast, 
Glenn et al. (1974) observed no relationship between seedling vigor and 
grain yield in their study. Fakorede and Ayoola (1980) found that 
recurrent selection could have a positive, negative, or no effect on 
seedling vigor, depending on the population being examined. 
Conflicting results prohibit generalizations regarding the effect of 
selection for cold tolerance on grain yield. None of the studies of 
improved populations from Iowa State programs have indicated that grain 
yield will decrease with selection for cold tolerance. Genetic drift may 
have biased results of studies on populations other than BS13(SCT) and 
BSSS2(SCT). The relationship between seedling vigor and grain yield has 
yet to be clearly defined and may be a product of the specific population 
and environment in which evaluation takes place. 
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Yield Components 
Although results did not suggest that selection for cold tolerance 
culminated in any changes in grain yield per se, changes in yield 
components were observed and the changes in BS13(SCT) were different than 
the changes in BSSS2(SCT). Similar results have been observed in other 
studies. Crosbie and Mock (1980) determined the yield component most 
limiting grain yield varies from population to population. Adams (1967) 
concluded that yield components were almost universally negatively 
correlated. 
Grain weights were evaluated via 300-kernel weights (300KWT). 
Recurrenct selection for cold tolerance in the BSSS2(SCT) population 
significantly increased 300KWT. Means of BSSS2(SCT)C5 were greater than 
those of BSSS2(SCT)C0 (67.73 vs 61.50 g/300 kernels) (Table 75) and the 
estimate of Apa(2) for 300KWT was 0.70 g/300 kernels/cycle (Table 84). 
Grain weights are determined by the rate and duration of grain 
filling. Carter and Poneleit (1973), like many other researchers, observed 
* 
correlations between rate of grain filling and yield (r = 0.38 ) and 
* 
between duration of grain filling and yield (r = 0.48 ). Daynard and 
Kannenberg (1976) determined that time from silking to black layer (actual 
filling period duration) was useful in quantifying the duration of the 
grain filling period. 
In this study, the linear rate of grain fill was evaluated between 
sample dates 6 and 7, 7 and 8, and 6 and 8, on the basis of GDD (GRGF67, 
GRGF78, and GRGF68, respectively). The observed correlated increase in 
3G0KWT in BSSS2(SCT) was associated with a significant positive estimate of 
Apa(2) in the combined analysis of GRGF67 (Table 85). Conversely, the 
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estimate of Apa(2) for GRGF68 was not significant and estimate of Apa(2) 
for GRGF78 was negative and significant (Tables 87 and 86, respectively). 
As previously discussed, the duration of the filling period (the time from 
silking to black layer) was not changed by recurrent selection for cold 
tolerance in BSSS2(SCT). 
The explanation for the conflicting results in BSSS2(SCT) for 300KWT, 
rate of grain filling between various sample dates, and duration of the 
filling period, was not readily discernible. The correlated reduction in 
time from planting to flowering may have had some relationship with the 
correlated increase in rate of grain fill between sample dates 6 and 7. 
However, the scope of this research only permitted study of changes in 
physiological traits associated with the improvement of cold tolerance, not 
the interrelationships of these physiological traits. 
In contrast -to the observed correlated increase for 300KWT in 
BSSS2(SCT), no significant changes for 300KWT in BS13(SCT) were observed. 
In addition, all measurements of correlated changes in rate and duration of 
grain filling for the BS13(SCT) population, in contrast to those for 
BSSS2(SCT), were not significant. These results were similar to those of 
McConnell and Gardner (1979a), who observed no change in test weight in 
either of the populations they studied after four cycles of selection for 
cold tolerance. 
All results indicated that the changes in grain weights and the 
determinants of grain weights associated with recurrent selection for cold 
tolerance, were dependent on the population being considered. 
Tollenaar (1977) concluded that in addition to 300KWT, sink size was 
an important factor in determining grain yield. Sink size was determined 
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by the potential number of kernels/plant. Populations BS13(SCT) and 
BSSS2(SCT) had no prepotency for prolificacy. Consequently, total number 
of ovules/ear at silking was a good method of quantifying potential number 
of kernels/plant. 
The effect of recurrent selection for cold tolerance on the total 
number of ovules/ear at silking {T0T5) was the opposite in BS13(SCT) of 
what it was in BSSS2(SCT). The estimate of Apct(13) was 7.35 
ovules/ear/cycle and the estimate of Apa(2) was -7.96 ovules/ear/cycle 
(Table 106). The correlated increase in BS13(SCT) for T0T5 and decrease in 
BSSS2(SCT) was the result of correlated changes in the number of ovule 
rows/ear (R0W5). Estimates of Apa(13) and Apa(2) for R0W5 were 0.077 and 
-0.138 ovule rows/ear/cycle, respectively (Table 108). 
Levings (1956) observed that the rate of ovule formation was more 
important than the duration of the ovule formation period in determining 
the final number of ovules/ear. In this study, however, the rate of ovule 
formation (GROV) was not changed significantly by recurrent selection for 
cold tolerance in either population (Table 109). Results also indicated 
that the duration of the ovule formation period, as measured by GDD 
from ear initiation to silking (GIS), was not changed for either BS13(SCT) 
or BSSS2(SCT) (Table 68). Consequently, correlated changes in neither rate 
or duration of ovule formation accounted for the observed changes in T0T5. 
Although improvement of cold tolerance resulted in a correlated 
increase in T0T5 in BS13(SCT) and a correlated decrease in T0T5 in 
BSSS2(SCT), there were not any significant changes in total number of 
kernels/ear at final harvest (TOT10) in either population. Similarly, the 
observed correlated increase in R0W5 in BS13(SCT) was not observed for 
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number of kernel rows/ear (ROWTO). However, as with ROWS, a significant 
decrease in ROW10 was observed in BSSS2(SCT) (0.168 kernel rows/ear/cycle) 
(Table 112). 
No obvious reason for the discrepancy between the correlated changes 
in T0T5 and TOT 10 was apparent. Crosbie and Mock ( 1979) and Stangland et 
al. (1982) have proposed the use of pollen shed to silking interval as a 
selection criteria in maize breeding programs. This trait provided an 
indication of the vigor of flowering and success of pollination. In this 
study, results for days from pollen shed to silking (DPSI) did not suggest 
that any change in the vigor of flowering had occurred with selection for 
cold tolerance. Correlated changes in the percentage of ovules/ear filled 
at final harvest (POVFIL) and the number of kernels abscised during grain 
fill (KABS) also were not significant. Therefore, these traits did not 
explain the differences between the observed changes in T0T5 and TOT10. 
No other reports on the association between cold tolerance and ovule 
number or kernel number were available in the literature. Results of this 
study suggested that correlated changes in most components of grain yield 
have occurred with selection for cold tolerance. The direction and 
magnitude of the changes depended on the population being considered. 
Agronomic Traits 
Selection for cold tolerance had no effect on percentage grain 
moisture at black layer (M0I9) in population BS13(SCT). Although the mean 
of BSSS2(SCT)C5 was significantly less than that of BSSS2{SCT)C0 for M0I9 
(27.45% vs 30.85%) (Table 116), the estimate of Apa(2) was not significant 
(Table 137). In contrast, results did indicate that percentage grain 
moisture at final harvest (M0I10) was reduced 0.24%/cycle in BS13(SCT) and 
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0.25%/cycle in BSSS2(SCT) with recurrent selection for cold tolerance 
(Table 138). 
The rate of moisture loss from the grain in BS13(SCT) was not changed 
by selection for cold tolerance (Table 139). The estimate of Apa(2) for 
rate of moisture loss on a GDD basis (GRMOI), however, was significant 
(-0.269%/100 GDD/cycle). This estimate suggested that the rate of moisture 
loss was reduced by selection for cold tolerance. The duration of the 
grain filling period (GSBL) represents the period over which this moisture 
loss took place and was not changed by selection for cold tolerance in 
either BS13(SCT) or BSSS2(SCT) (Table 69). 
Hoard (1984) similarly obtained significant estimates of Apa for MOI10 
in BS13(SCT) and BSSS2(SCT). McConnell and Gardner (1979a) examined the 
correlated change in MOI10 in Iowa Stiff Stalk Synthetic and Pioneer Cold 
Tolerant Synthetic after four cycles of selection for cold tolerance. 
Regression across cycles suggested that reduction in the time from planting 
to silking in Iowa Stiff Stalk Synthetic was a correlated with a reduction 
in grain moisture at harvest. Grain moisture in the other synthetic was 
not changed by selection for cold tolerance. 
In all studies where selection for cold tolerance has caused 
populations to flower earlier, MO110 has also been reduced. It can not be 
determined from the results of these studies, however, if the reductions in 
MOI10 and time from planting to flowering were independent. 
Some researchers have expressed concern that selection for increased 
seedling growth rates would take place at the expense of root development. 
Blondon et al. (1980) observed that differences for rootrshoot ratios among 
genotypes at 22°C were extenuated by treatments at 10°C. 
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Recurrent selection for cold tolerance was not observed to 
significantly change percentage of plants root lodged (RL) in either 
BS13{SCT) or BSSS2(SCT). Conversely, Hoard (1984) estimated that RL 
decreased 0.97%/cycle in BS13(SCT) and increased 0.58%/cycle in BSSS2(SCT). 
Environmental variability for RL has been a common occurrence in maize 
field trials and characterizing a genotypes root development has been 
difficult. Genotypic variation was not significant for RL in the Ames 
1983, Ankeny 1983, and Ankeny 1984 analyses in this study (Table 123). 
Rogers et al. (1976) and Arihara and Crosbie (1982) have demonstrated that 
vertical root pull resistance can be more repeatable across environments in 
evaluating root development than root lodging. 
Significant estimates of A pa for both BS13(SCT) and BSSS2(SCT) 
indicated that correlated changes in vertical root pull resistance (RTPULL) 
had occurred with improvement of cold tolerance (Table 140). The estimate 
of Apa(13) for RTPULL was 2.65 lbs/cycle and the estimate of Apa(2) was 
-2.85 lbs/cycle. 
These estimates for root pull coincide with the correlated changes for 
root lodging observed by Hoard (1984). Evidently, selection for cold 
tolerance resulted in an increase in root development in BS13(SCT) and a 
decrease in root development in BSSS2(SCT). The concern of reducing root 
development by selection for increased seedling growth rates apparently was 
warranted, at least for some populations. 
The CO cycle of BS13(SCT) had a significantly lower mean for 
percentage of plants stalk lodged (SL) than the C5 cycle (15.97% vs 22.70%) 
(Table 126). However, the estimate of Apa(13) for this trait was not 
signficant (Table 143). Results also indicate that recurrent selection for 
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cold tolerance did not significantly change SL in BSSS2(SCT). Hoard (1984) 
and McConnell and Gardner {1979a) similarly observed no correlated changes 
in stalk lodging with improved cold tolerance in their studies. 
Number of ears per plant (EARS) and stay green ratings (SG) were 
evaluated both in this study and the study conducted by McConnell and 
Gardner (1979a). Neither study found correlated changes in these traits. 
Absence of correlated changes for SG in BS13(SCT) and BSSS2(SCT) were not 
unexpected, although selection for cold tolerance did result in earlier 
flowering, because dates of black layer formation were not affected by 
selection for cold tolerance (Table 65). 
Harvest index has been used to measure assimilate use efficiency in 
many studies (Crosbie, 1982; Crosbie and Mock, 1980; Crosbie and Mock, 
1981; Fakorede and Mock, 1978; and Tapper, 1983). Recurrent selection for 
cold tolerance did not effect harvest index (HI) in either BS13(SCT) or 
BSSS2(SGT) in this study (Table 145). No other studies have evaluated the 
relationships between cold tolerance and harvest index. 
Final stand counts (STAND) were not observed to change with recurrent 
selection for cold tolerance in either population. In contrast. Hoard 
(1984) observed a correlated increase for final stand counts in BS13(SCT) 
(102.1 plants/ha/cycle). Evidently, correlated changes in this trait, like 
many other traits, can be observed only in some environments. 
To recapitulate the discussion of traits in this section, correlated 
changes with cold tolerance improvement have not been observed for rate of 
moisture loss (GRMOI), percentage stalk lodged (SL), ears per plant (EARS), 
or harvest index (HI). In most instances, selection for cold tolerance has 
been observed to reduce grain moisture at harvest (MOI10). Changes in 
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final stand count (STAND) have been observed in some experiments and 
changes in root development were dependent on the population being 
considered. 
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SUMMARY AND CONCLUSIONS 
Five cycles of S^ recurrent selection for cold tolerance were 
conducted at Iowa State University in maize populations BS13(SCT) and 
BSSS2{SCT). Previous studies have indicated that improvement in cold 
tolerance had been realized in these programs and that a correlated 
improvement in grain yield had taken place. The objectives of this study 
were; 1) to examine the changes in ontogenetic development correlated with 
changes in cold tolerance, 2) to evaluate changes in physiological traits 
and yield components associated with the previously observed correlated 
improvements in grain yield, and 3) to relate changes in means to changes 
in allelic frequencies and genetic drift. 
The CO, C5, and CO x C5 intrapopulation cross of both BS13(SCT) and 
BSSS2(SCT), and the CO x CO and C5 x C5 interpopulation crosses were 
evaluated in five environments over three years. All experiments were 
planted after 20 April in central Iowa. To assess the correlated changes, 
the CO and C5 cycle means were compared and a model proposed by Smith 
(1979a) was utilized to estimate correlated changes in gene frequency and 
changes in gene frequency due to restricted population size. 
The recurrent selection programs for cold tolerance resulted in 
earlier flowering in both of the populations evaluated in this study. The 
C5 cycles of both BS13(SCT) and BSSS2(SCT) silked in at least 40 fewer 
growing degree days (GDD) than the CO cycles, and estimates, corrected for 
genetic drift, indicated that an average reduction in the time from 
planting to silking of 5.9 GDD/cycle was associated with the recurrent 
selection programs. Correlated reductions in both time from planting to 
ear initiation and time from ear initiation to silking were affiliated with 
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the earlier silking. No changes in the time from planting to black layer 
or in the duration of the grain filling period (silking to black layer) 
were observed for either population. 
The reason so few changes in vegetative growth were observed was 
probably related to the absence of cold temperatures during early growth to 
differentiate among the populations. An increase in percentage emergence 
of 1.61% per cycle of recurrent selection was observed in BS13(SCT), but no 
change in BSSS2(SCT) was detected. Seedling size was not observed to be 
changed by selection for cold tolerance with the normal planting dates 
utilized in this study. Small correlated increases in juvenile plant sizes 
were observed and mature plant sizes were not changed or reduced slightly. 
Grain yield, expressed as both Mg/ha and g/plant, showed no correlated 
change with improvement for cold tolerance in either of the populations. 
However, changes in yield components were observed and the changes in 
BS13(SCT) were not the same as changes in BSSS2(SCT). 
Recurrent selection for cold tolerance increased 300-kernel weight in 
BSSS2(SCT) 0.70 g/cycle. No change in 300-kernel weight was observed in 
BS13(SCT). Correlated changes in the rate of grain filling were detected 
in BSSS2(SCT), but not in BS13(SCT). No changes in the duration of the 
filling period were observed for either population. 
The total number of ovules/ear at silking was increased 7.35 
ovlues/ear/cycle in BS13(SCT) and decreased 7.96 ovules/ear/cycle in 
BSSS2(SCT). Changes in the number of ovule rows/ear corresponded very 
closely with these observed changes in total ovule number. Correlated 
changes in ovule number at silking did not carry through such that 
correlated changes in the total number of kernels/ear at final harvest were 
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observed. Vigor of silking, percentage of ovules filled, or number of 
kernels abscised, did not explain the discrepancy between correlated 
changes in ovule numbers and kernel numbers. 
Grain moisture at black layer was not changed by recurrent selection 
for cold tolerance in either BS13(SCT) or BSSS2(SCT). Correlated 
reductions in grain moisture at final harvest were observed for both 
populations. Changes that were observed for rate of grain moisture loss 
were not complementary to the observed reductions in grain moisture at 
final harvest. Although it would be expected that earlier maturity would 
be associated with lower grain moisture at final harvest, it could not be 
determined if the correlated changes observed for these or any other traits 
in this study were independent. 
Vertical root pull resistance was increased 2.65 lbs/cycle in 
BS13(SCT) and decreased 2.85 lbs/cycle in BSSS2(SCT). No correlated 
changes in the amount of root lodging was observed for either population. 
However, results on root lodging in a study by Hoard (1984) on these same 
populations concurs with the results on root pulling from this study. 
Recurrent selection for cold tolerance was not observed to have any 
effect on stalk lodging, percentage of plants with dropped ears, number of 
ears/plant, stay green ratings, or harvest index, in either BS13(SCT) or 
BSSS2(SCT). 
My conclusions for this study are that recurrent selection for cold 
tolerance generally had only minimal effects on physiological traits when 
normal planting dates are utilized. Apparently, direct and indirect 
effects of selection for cold tolerance are more readily identified in 
environments with cooler early season temperatures. 
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Not all studies of correlated changes with recurrent selection for 
cold tolerance have identified increases in grain yield. However, no 
studies which have corrected for inbreeding depression due to small 
effective populuation size have detected a correlated decrease in grain 
yield. I feel that good seed germination and stand establishment are 
crucial for a successful maize crop. Consequently, development of cold 
tolerant germplasm is required for areas where planting and early growth 
take place in cool environments, even some years. The maize breeder who 
selects for cold tolerance does^not need to be concerned with indirectly 
lowering the frequency of genes for grain yield. 
I also feel that maize breeders considering selection for cold 
tolerance should be aware that changes in relative maturity and/or root 
development are possible. An association between early maturity and 
vigorous seedling growth has been observed in many studies and most studies 
of correlated changes with selection for cold tolerance have indicated that 
improved populations flower earlier. Reductions in root development are 
possible in some populations. 
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APPENDIX 
Table Al. Mean squares from anovas of ontogenetic trait DPI by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 4017.28** 
Reps/Environments 17 14.95** 
Reps (by environment) 3 25.43** 23.63** 4.90 10.60** 13.70** 
Genotypes 9 10.92** 5.73** 11.33** 7.23** 5.15** 29.76** 
Checks vs populations(G1) 1 61.63** 21.03** 62.50** 44.10** 14.40** 191.90** 
Among checks(G2) 1 1.50 10.13** 0.50 0.50 8.00** 6.77 
Among populations(G3) 7 5.02* 2.91 5.57 2.93 3.43** 9.88** 
BS13(SCT) vs BSSS2(SCT)(G4) 1 6.72 12.04** 1.04 7.04* 2.04 25.09** 
Error (by environment) 27 1.88 1.24 3.51 1.36 0.90 
Genotypes x Environments 36 2.86* 
G1 X Environments 4 4.41* 
G2 X Environments 4 3.02 
G3 X Environments 28 2.62 
G4 X Environments 4 1.06 
Error 153 1.77 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
3 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A2. Means of ontogenetic trait DPI by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 63.3 67.0 42.5 62.7 51.3 57.1 
BS13(SCT)C5 62.3 66.5 43.0 62.3 50.3 56.6 
BSSS2(SCT)C0 62.3 66.0 42.5 61.0 51.0 56.3 
BSSS2(SCT)C5 60.3 65.5 40.7 60.5 49.7 55.1 
BS13{SCT)C0 X BS13(SCT)C5 62.3 67.0, 40.5 61.0 52.0 56.3 
BSSS2(SCT)C0 X BSSS2(SCT)C5 61.7 64.7 41.5 61.3 51.0 55.8 
BS13(SCT)C0 X BSSS2(SCT)C0 64.0 65.7 39.7 62.7 51.5 56.4 
BS13(SCT)C5 X BSSS2(SCT)C5 60.3 65.0 40.5 61.5 49.3 55.1 
Mo17 X A634 59.0 63.0 38.0 58.7 48.3 53.1 
B73 X MolT 58.0 65.3 38.5 59.3 50.3 54.1 
Grand mean 61.4 65.9 40.7 61.1 50.5 55.6 
LSD (0.05) 2.3 1.6 2.7 1.7 1.4 1.1 
Table A3. Genetic parameter estimates of ontogenetic trait DPI by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 63.67*±0.72 66.92*±0.51 41.87*±0.85 62.71*±0.53 51.75*±0.43 57.05*±0.00 
Apa(13) -0.33 ±0.18 0.03+0.13 -0.15 ±0.22 -0.33 ±0.13 -0.05 ±0.11 -0.16*±0.00 
2Ap^d(13) 0.40 ±0.33 -0.15 ±0.24 0.53 ±0.40 0.57 ±0.25 -0.20 ±0.21 0.22*±0.00 
M2 62.67*±0.72 65.92*±0.51 41.87*±0.85 60.96*±0.53 51.50*±0.11 56.26*±0.00 
Apa(2) -0.26 ±0.18 -0.22 ±0.13 0.05 ±0.22 0.07 ±0.13 -0.20 ±0.11 -0.10*±0.00 
2Ap^d(2) 0.07 ±0.33 0.35 ±0.24 -0.33 ±0.40 -0.23 ±0:25 0.05 ±0.21 -0.02*±0.00 
H 0.50 ±0.72 -0.58 ±0.51 -1.50 ±0.85 0.96 ±0.53 -0.63 ±0.43 -0.29*±0.00 
Table A4. Mean squares from anovas of ontogenetic trait DPP by environment and over enivironments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 5138.70** 
Reps/Environments 17 18.27** 
Reps (by environment) 3 2.51* 81.23** 5.23 0. 87 12.00 
Genotypes 9 17.05** 15.45** 18.28** 14. 18** 26.57** 75.47** 
Checks vs populationslGI) 1 36.82** 78.40** 75.63** 74. 26** 96.10** 358.90** 
Among checks(G2) 1 6.75** 28.13** 32.00** 10. 13* 50.00** 116.68** 
Among populations(G3) 7 15.70** 4.64 8.13* 6. 17 13.29* 29.09 
BS13(SCT) vs BSSS2(SCT)(G4) 1 38.03** 16.67* 7.04 6. 00 4.17 31.79 
Error (by environment) 27 0.75 2.30 3.01 1. 98 4.83 
Genotypes x Environments 36 4.21** 
G1 X Environments 4 4.67 
G2 X Environments 4 4.70 
G3 X Environments 28 4.08* 
G4 X Environments 4 8.16** 
Error 153 2.36 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A5. Means of ontogenetic trait DPP by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 92.0 96.3 68.5 92.5 80.7 86.5 
BS13(SCT)C5 90.2 95.3 66.7 91.0 77.5 84.7 
BSSS2(SCT)C0 90.3 94.7 68.7 90.3 80.7 85.5 
BSSS2(SCT)C5 87.0 92.5 64.5 90.3 79.5 83.1 
BS13(SCT)C0 X BS13(SCT)C5 90.2 94.7 67.3 90.0 78.0 84.6 
BSSS2(SCT)C0 X BSSS2(SCT)C5 88.8 94.0 66.0 90.0 78.5 83.9 
BS13(SCT)C0 X BSSS2(SCT)C0 90.2 95.0 67.7 90.3 82.5 85.6 
BS13(SCT)C5 X BSSS2(SCT)C5 87.7 94.5 66.0 88.0 77.5 83.2 
Mo 17 X A634 86.8 89.3 61.5 85.7 73.0 79.9 
B73 X Mo17 88.3 93.0 65.5 88.0 78.0 83.1 
Grand mean 89.1 94.6 66.3 89.6 78.6 84.0 
LSD (0.05) 1.0 2.2 2.5 2.0 3.2 1.3 
Table A6. Genetic parameter estimates of ontogenetic trait DPP by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 91.86*±0.32 95.96*±0.69 68.13*±0.79 92.42*+0.64 80.75*±0.00 86.37*±0.39 
Apa(13) -0.31*±0.08 -0.18 ±0.17 -0.10 ±0.20 -0.47*±0.16 -0.55*±0.00 -0.32*±0.10 
2Ap^d(13) 0.28 ±0.15 0.23 ±0.32 -0.07 ±0.37 0.65*±0.30 0.45*±0.00 0.30+0.18 
M2 90.19*±0.32 94.46*10.69 6B.37*±0.79 90.17*±0.64 80.75*±0.00 B5.28*±0.39 
Apa(2) -0.24*±0.08 -0.03 ±0.17 -0.40 ±0.20 -0.02 ±0.16 -0.45*±0.00 -0.23*±0.10 
2Ap^d(2) -0.15 ±0.15 -0.33 ±0.32 0.03 ±0.37 0.05 ±0.30 0.65*±0.00 0.03 ±0.18 
H -0.72*±0.32 0.08 ±0.69 -0.13 ±0.79 -0.96 ±0.64 1.75*±0.00 -0.06 ±0.39 
Table A7. Mean squares from anovas of ontogenetic trait DPS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation D . F . B  1982 1983 1983 1984 1984 Combined 
Environments 4 4356.71** 
Reps/Environments 17 8.21** 
Reps (by environment) 3 1.78 27.83** 0.56 0.43 15.73 
Genotypes 9 26.79** 10.64** 11.25** 17.19** 19.84** 65.78** 
Checks vs populations(G1) 1 82.84** 49.51** 25.60** 88.51** 44.10** 271.21** 
Among checks(02) 1 5.33* 12.50** 10.13** 12.50 32.00* 67.86** 
Among populations(03) 7 21.85** 4.82** 9.36** 7.67* 14.64* 36.13 
BS13(SCT) vs BSSS2(SCT)(G4) 1 30.25** 12.04** 2.67 2.04 8.17 14.29 
Error (by environment) 27 0.80 1.14 1.00 3.00 5.55 
Genotypes x Environments 36 4.20** 
01 X Environments 4 2.46 
02 X Environments 4 2.15 
03 X Environments 28 4.73** 
04 X Environments 4 8.87** 
Error 153 2.12 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table AO. Means of ontogenetic trait DPS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 92.7 98.5 74.0 95.0 83.0 89.0 
BS13{SCT)C5 91.7 97.5 70.0 92.3 . 80.5 86.9 
BSSS2(SCT)C0 92.3 97.3 72.5 . 94.3 84.3 88.5 
BSSS2{SCT)C5 87.5 95.0 70.0 91.7 82.0 85.5 
BS13(SCT)C0 X BS13(SCT)C5 91.3 97.5 70.5 92.5 80.7 86.9 
BSSS2(SCT)C0 X BSSS2(SCT)C5 90.3 97.0 70.0 92.0 81.5 86.5 
BS13(SCT)C0 X BSSS2(SCT)C0 92.0 98.5 70.0 93.3 85.3 88.2 
BS13(SCT)C5 X BSSS2(SCT)C5 88.3 97.0 70.0 90.7 79.7 85.5 
Mo 17 X A634 87.2 93.3 67.7 87.7 77.5 83.1 
873 X Mo17 88.5 95.7 70.0 90.3 81.5 85.5 
Grand mean 90.2 97.3 70.5 92.0 81.6 86.5 
LSD (0.05) 1.0 1.5 1.5 2.5 3.4 1.3 
Table A9. Genetic parameter estimates of ontogenetic trait DPS by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 92.72*±0.33 98.54*10.54 73.00*±0.46 94.63*±0.79 83.08*+1.07 88.79*±0.42 
Apa(13) -0.29*±0.08 -0.22 ±0.12 -0.30 ±0.12 -0.35 ±0.20 -0.48 ±0.27 -0.32*±0.11 
2Ap^d(13) 0.37*±0.15 0.23 ±0.23 0.00 ±0.21 0.23 ±0.37 0.45 ±0.50 0.26 ±0.20 
M2 92.39*±0.33 97.29*±0.49 71.50*±0.46 93.87*±0.79 84.33*±1.07 88.29*±0.42 
Apa(2) -0.42*±0.08 -0.07 ±0.12 -0.10 ±0.12 -0.30 ±0.20 -0.58*±0.27 -0.31*±0.11 
2Ap^d(2) -0.13 ±0.15 -0.33 ±0.23 -0.10 ±0.21 0.17 ±0.37 0.70 ±0.50 0.05 ±0.20 
H -0.61 ±0.33 0.54 ±0.49 -1.25*±0.46 -0.63 ±0.79 1.46 ±1.07 -0.14 ±0.42 
Table A10. Mean squares from anovas of ontogenetic trait DPBL by environment and over 
environments 
Environment 
Ames Ames Ames 
Source of Variation d.f.^ 1982 1983 1984 Combined 
Environments 2 1569.45** 
Reps/Environments 11 49.06** 
Reps (by environment) 3 94,39** 11.36 11.23 
Genotypes 9 65.18** 16.14** 18.74* 42.91 
Checks vs populations(G1) 1 322.02** 63.76** 5.63 234.53 
Among checks(G2) 1 8.33 0.00 55.13** 9.63 
Among populations(G3) 7 36.61** 11.64 15.41 20.28 
BS13(SCT) vs BSSS2(SCT)(G4) 1 90.25** 40.04** 0.67 66.01 
Error (by environment) 27 8.16 4.95 6.93 
Genotypes x Environments 18 23.94** 
G1 X Environments 2 46.34** 
G2 X Environments 2 29.57* 
G3 X Environments 14 19.93** 
G4 X Environments 2 23.48* 
Error "x 139 6.95 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which 
contained 6 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table All. Means of ontogenetic trait DPBL by environment and over environments 
Environment 
Ames Ames Ames 
Genotype 1982 1983 1984 Combined 
BS13(SCT)C0 159.2 157.5 145.5 154.8 
BS13(SCT)C5 157.0 155.7 148.7 154.3 
BSSS2(SCT)C0 156.7 152.7 144.3 152.0 
BSSS2(SCT)C5 154.3 152.5 147.7 151.9 
BS13(SCT)C0 X BS13(SCT)C5 161.7 154.7 143.5 154.5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 157.3 155.0 146.7 153.6 
BS13(SCT)C0 X BSSS2(SCT)C0 161.3 154.0 146.5 155.0 
BS13(SCT)C5 X BSSS2(SCT)C5 157.5 153.0 143.5 152.2 
Mo 17 X A634 153.2 151.3 142.3 149.5 
873 X Mo17 151.5 151.3 147.5 150.3 
Grand mean 157.0 154.4 145.6 152.8 
LSD (0.05) 3.3 3.2 3.8 3.9 
Table A12. Genetic parameter estimates of ontogenetic trait DPBL by environment and over 
environments 
Environment 
Ames Ames Ames 
Parameter 1982 1983 1984 Combined 
M13 160.33*11.06 157.58*11.02 146.08*11.20 155.48*11.09 
Apa(13) 0.03 10.27 -0.58*10.26 -0.63*10.30 -0.33 10.27 
2Ap^d(13) -0.73 10.49 0.80 10.47 1.80*10.56 0.43 10.51 
M2 157.83*11.06 152.83*11.02 144.83*11.20 152.69*11.09 
Apa{2) -0.33 10.27 0.42 10.26 0.27 10.30 0.05 10.27 
2Ap^d{2) -0.03 10.49 -0.90 10.47 0.50 10.56 -0.26 10.51 
H 1.08 11.06 • -1.29 11.02 0.46 11.20 0.23 11.09 
Table A13. Mean squares from anovas of ontogenetic trait DIS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.* 1982 1983 1983 1984 1984 Combined 
Environments h 37.24 
Reps/Environments 17 12.65** 
Reps (by environment) 3 19.30** 11.30* 5.63 13.96 15.57* 
Genotypes 9 3.94 4.01 7.08 6.74 10.75 11.26** 
Checks vs populations(G1) 1 5.63 6.01 8.10 7.66 8.10 1.15 
Among checks(G2) 1 6.00 0.13 6.13 8.00 8.00* 24.00* 
Among populations(G3) 7 3.41 4.28 7.07 6.42 11.29 10.89* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 2.72 0.00 0.37 1.50 18.37 1.68 
Error (by environment) 27 2.82 3.25 3.53 5.03 5.23 
Genotypes x Environments 36 5.10 
G1 X Environments 4 • 8.35 
G2 X Environments 4 1.14 
G3 X Environments 28 5.21 
G4 X Environments 4 5.11 
Error 153 4.06 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
3 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table AVt. Means of ontogenetic trait DIS by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 29.3 31.5 31.5 32.3 31.7 31.4 
BS13(SCT)C5 29.0 31.0 27.0 30.0 30.3 29.5 
BSSS2(SCT)C0 30.0 31.3 30.0 33.3 33.3 31.6 
BSSS2(SCT)C5 27.3 29.5 29.3 31.3 33.3 30.1 
BS13(SCT)C0 X BS13(SCT)C5 29.7 30.5 30.0 33.3 33.3 30.1 
BSSS2(SCT)C0 X BSSS2( SCT)'C5 28.3 32.3 28.5 30.7 30.5 30.2 
BS13(SCT)C0 X BSSS2(SCT)C0 27.3 32.7 30.3 30.5 33.7 30.1 
BS13(SCT)C5 X BSSS2(SCT)C5 27.7 32.0 29.5 29.3 30.5 30.2 
Mo17 X A634 28.7 30.3 29.7 29.0 29.3 29.4 
873 X Mo17 30.7 30.5 31.5 31.0 31.3 29.4 
Grand mean 28.8 31.3 29.7 30.9 31.1 30.4 
LSD (0.05) 2.9 2.6 2.7 3.3 3.3 1.3 
Table A15. Genetic parameter estimates of ontogenetic trait DIS by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 198A Combined 
M13 29.05*±0.88 31.63*10.82 31.13*+0.86 31.92*±1.02 31.33*±1.04 31.11*±0.43 
Apa(13) 0.18 ±0.22 -0.25 +0.21 -0.15 ±0.22 -0.02 ±0.26 -0.43 ±0.26 -0.15 ±0.11 
2Ap^d(13) -0.37 ±0.41 0.37 ±0.38 -0.53 ±0.40 -0.35 ±0.48 0.65 ±0.49 -0.03 ±0.20 
M2 29.72*±0.88 31.37*±0.82 29.63*±0.86 32.92*±1.02 32.83*±1.04 31.38*±0.43 
Apa(2) -0.22 ±0.22 0.15 ±0.21 -0.15 ±0.22 -0.37 ±0.26 -0.38 ±0.26 -0.19 ±0.11 
2Ap^d(2) -0.03 ±0.41 -0.67 ±0.38 0.23 ±0.40 0.40 ±0.48 0.65 ±0.49 0.12 ±0.20 
H -1.78*±0.88 1.13 ±0.82 0.25 ±0.86 -1.58 ±1.02 2.08*±1.04 0.11 ±0.43 
Table A16. Mean squares from anovas of ontogenetic trait DSBL by environment and over 
environments 
Environment 
Source of Variation d.f.* 
Ames 
1982 
Ames 
1983 
Ames 
1984 Combined 
Environments 2 2356.53** 
Reps/Environments 11 50.57** 
Reps (by environment) 3 88.58** 25.77* 12.03 
Genotypes 9 31.96** 6.93 26.57** 14.42 
Checks vs populations(G1 ) 1 78.20** 0.90 49.51* 0.48 
Among checks(G2) 1 27.00 12.50 15.13 5.67 
Among populations(G3) 7 26.07* 7.00 24.92* 17.66 
BS13(SCT) vs BSSS2(SCT)(G4| 1 16.00 8.17 5.04 5.64 
Error (by environment) 27 10.08 6.30 8.37 
Genotypes x Environments 18 24.68** 
G1 X Environments 2 61.09** 
G2 X Environments 2 22.15 
G3 X Environments 14 19.84** 
G4 X Environments 2 10.27 
Error 139 8.56 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which 
contained 6 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A17. Means of ontogenetic trait DSBL by environment and over environments 
Environment 
Ames Ames Ames 
Genotype 1982 1983 1984 Combined 
BS13(SCT)C0 66.5 59.0 50.5 59.8 
BS13(SCT)C5 65.3 58.3 56.5 60.8 
BSSS2(SCT)C0 64.3 55.5 50.0 57.7 
BSSS2(SCT)C5 66.8 57.5 56.0 61.1 
BS13(SCT)C0 X BS13(SCT)C5 70.8 57.3 51.0 61.1 
BSSS2{SCT)C0 X BSSS2(SCT)C5 67.0 58.0 54.7 60.9 
BS13(SCT)C0 X BSSS2(SCT)C0 69.3 55.5 53.3 60.8 
BS13(SCT)C5 X BSSS2(SCT)C5 69.2 56.0 52.7 60.7 
Mo17 X A634 66.0 58.0 54.5 60.4 
B73 X Mo17 63.0 55.5 57.3 59.2 
Grand mean 66.8 57.1 53.7 60.3 
LSD (0.05) 3.7 3.6 4.2 3.9 
Table A18. Genetic parameter estimates of ontogenetic trait DSBL by environment and over 
environments 
Environment 
Ames Ames Ames 
Parameter 1982 1983 1984 Combined 
M13 67.61*±1.18 59.04*±1.14 51.A6*±1.32 60.55*±1.09 
Apa(13) 0.32 ±0.30 -0.37+0.29 -0.28+0.33 -0.05 ±0.2? 
2Ap^d(13) -1.10*±0.55 0.57 ±0.53 1.57*±0.61 0.14 ±0.51 
M2 65.44*±1.18 55.54*±1.14 50.96*±1.32 58.48*±1.09 
Apa(2) 0.09 ±0.30 0.49 ±0.29 0.57 ±0.33 0.34 ±0.27 
2Ap^d{2) 0.10 ±0.55 -0.57 ±0.53 -0.13 ±0.61 -0.16 ±0.51 
H 1.69 ±1.18 -1.83*±1.14 1.08 ±1.32 0.51 ±1.09 
Table A19. Mean squares from anovas of grain weight trait DRGF67 (g/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 5.196** 
Reps/Environments 17 0.840** 
Reps (by environment) 3 0.367** 0.280 1.098 0.313 2.458* 
Genotypes 9 0.411** 0.185 0.380 0.166 0.846 0.701** 
Checks vs populations(G1) 1 3.098** 0.247 0.215 0.019 2.022 0.265 
Among checks(G2) 1 0.030 0.303 0.137 0.009 0.576 0.009 
Among populations(G3) 7 0.082 0.159 0.438 0.209 0.717 0.862** 
BS13(SCT) vs BSSS2(SCT)(GA) 1 0.022 0.196 0.188 0.050 0.347 0.183 
Error (by environment) 27 0.071 0.171 0.392 0.156 0.553 
Genotypes x Environments 36 0.321 
G1 X Environments 4 1.250** 
G2 X Environments 4 0.260 
G3 X Environments 28 0.198 
G4 X Environments 4 0.157 
Error 153 0.245 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Signiflcant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A20. Means of grain weight trait DRGF67 (g/day) by environment and over environments 
Environment 
Âmes Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
1.814 
1.690 
2.249 
2.095 
1.836 
1.728 
2.414 
2.134 
3.095 
3.015 
2.239 
2.092 
BSSS2(SCT)C0 
BSSS2(SGT)G5 
1.612 
1.777 
2.155 
2.663 
1.531 
2.307 
1.714 
2.285 
2.399 
2.827 
1.858 
2.318 
BS13(SCT)G0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)G5 
1.722 
1.691 
2.307 
2.375 
2.297 
1.491 
2.027 
2.302 
2.346 
2.510 
2.102 
2.039 
BS13(SGT)G0 X 
BS13(SGT)G5 x 
BSSS2(SGT)G0 
BSSS2(SGT)G5 
1.787 
2.003 
2.365 
2.606 
2.073 
2.191 
1.998 
2.313 
2.825 
3.622 
2.171 
2.497 
Mo17 X A634 
B73 X Mo17 
2.280 
2.380 
2.354 
2.743 
1.984 
2.246 
2.236 
2.169 
2.536 
1.999 
2.278 
2.314 
Grand mean 1.876 2.391 1.969 2.159 2.717 2.191 
LSD (0.05) 0.309 0.601 0.908 0.573 1.079 0.303 
Table A21. Genetic parameter estimates of grain weight trait DRGF67 (g/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 1.776*iD.099 2.255*±0.189 1.886*±0.286 2.395*±0. 180 2.856*±0.339 2.192*±0.949 
Apa( 13) -0.003 ±0.025 0.009 ±0.048 0.072 ±0.072 -0.070 ±0. 046 -0.054 ±0.086 -0.009 ±0.024 
2âp^d(13) -0.011 ±0.046 -0.050 ±0.088 -0.176 ±0.133 0.087 ±0. o
 
00
 
0.140 ±0.158 -0.003 ±0.044 
M2 1.574*±0.099 2.162*±0.189 1.582*±0.286 1.695*±0. 180 2.160*±0.339 1.811*±0.949 
Apa(2) 0.031 ±0.025 0.041 ±0.048 -0.028 ±0.072 0.125*±0. 046 0.118 ±0.086 0.055*±0.024 
2Ap^d(2) -0.021 ±0.046 0.017 ±0.088 0.201 ±0.133 -0.133 ±0. o
 
C
O
 
-0.102 ±0.158 -0.009 ±0.044 
H 0.150 ±0.099 0.151 ±0.189 0.289 ±0.286 -0.028 ±0. 180 0.557 ±0.339 0.217*±0.949 
T 
0 
Table A22. Mean squares from anovas of grain weight trait DRGF78 (g/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 10.157** 
Reps/Environments 17 1.161** 
Reps (by environment) 3 0.081 0.105 1.083 2.472** 2.846** 
Genotypes 9 0.175* 0.333 0.641 0.724 0.429 0.702* 
Checks vs populations(G1) 1 0.028 0.237 1.161 0.040 1.047 0.049 
Among checks(G2) 1 0.508** 0.051 0.370 0.167 0.433 0.054 
Among populations(G3) 7 0.149 0.387 0.605 0.901 0.340 0.888* 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.678** 0.900 0.002 2.867* 0.416 1.577 
Error (by environment) 27 0.068 0.387 0.476 0.381 0.471 
Genotypes x Environments 36 0.417 
G1 X Environments 4 0.615 
G2 X Environments 4 0.380 
G3 X Environments 28 0.394 
G4 X Environments 4 0.793* 
Error 153 0.323 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A23. Means of grain weight trait DRGF78 (g/day) by environment and over environments 
Environment 
Genotype 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
2.117 
2.109 
2.289 
1.822 
1.083 
0.700 
1.923 
1.842 
1.131 
0.799 
1.746 
1.514 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
1.879 
1.975 
1.770 
1.135 
1.357 
0.932 
1.967 
0.941 
1.331 
1.206 
1.681 
1.305 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SGT)C0 x BSSS2(SCT)C5 
2.139 
1.686 
1.768 
1.813 
1.002 
0.443 
1.981 
0.765 
1.183 
1.365 
1.662 
1.257 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2{SCT)C5 
1.865 
2.039 
1.768 
1.752 
1.241 
0.231 
1.642 
1.642 
1.037 
0.495 
1.543 
'1.305 
Mo17 X A634 
873 X Mo17 
2.128 
1.716 
1.492 
1.652 
0.233 
0.663 
1.811 
1.522 
1.240 
1.706 
1.449 
1.476 
Grand mean 1.965 1.726 0.788 1.604 1.149 1.494 
LSD (0.05) 0.303 0.903 1.001 0.895 0.995 0.346 
no 
vO 
a* 
Table A24. Genetic parameter estimates of grain weight trait DRGF78 (g/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 2.059*±0.097 2.213*±0.284 1.085*±0.315 1.732*10.282 1.235*±0.313 1.701*±0.113 
Apa(13) 0.027 ±0.025 -0.073 ±0.076 -0.017 ±0.080 0.088 +0.071 -0.031 +0.079 0.001 +0.028 
2Ap^d(13) -0.045+0.045 0.069 ±0.132 -0.043 ±0.146 -0.154 ±0.131 -0.025 ±0.146 -0.040+0.052 
M2 1.822*+0.097 1.693*±0.284 1.359*±0.315 1.776*±0.282 1.436*+0.313 1.636*10.113 
Apa(2) -0.016 +0.025 0.039 ±0.076 -0.184*+0.080 -0.164*+0.071 -0.035 ±0.079 -0.067*±0.028 
2Ap^d(2) 0.062 ±0.045 -0.190 ±0.132 0.282 ±0.146 0.161 ±0.131 0.024 +0.146 0.067 ±0.052 
H -0.018 ±0.097 -0.107 ±0.284 0.016 ±0.315 0.078 ±0.282 -0.403 ±0.313 -0.081 ±0.113 
Table A25. Mean squares from anovas of grain weight trait DRGF68 (g/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.® 1982 1983 1983 1984 1984 Combined 
Environments 
Reps/Environments 
4 
17 
3.735** 
0.138** 
Reps (by environment) 3 0.017 0.046 0.296* 0.286** 0.127 
Genotypes 9 0.114** 0.057 0.252** 0.118* 0.025 0.155 
Checks vs populations(G1) 1 0.151* 0.005 0.16O 0.027 0.001 0.004 
Among checks(G2) 1 0.207** 0.167 0.253 0.053 0.003 0.028 
Among populations(G3) 7 0.095** 0.049 0.265** 0.141* 0.032 0.195 
BS13(SCT) vs BSSS2(SCT)(G4) 1 0.390** 0.026 0.046 0.741** 0.014 0.568 
Error (by environment) 27 0.026 0.050 0.065 0.047 0.056 
Genotypes x Environments 36 0.101** 
G1 X Environments 4 0.082 
G2 X Environments 4 0.170** 
G3 X Environments 28 0.095** 
G4 X Environments 4 0.143* 
Error 153 0.046 
Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Signifleant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A26. Means of grain weight trait DRGF68 (g/day) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13{SCT)C0 
BS13(SCT)C5 
2.026 
1.988 
2.267 
1.977 
1.414 
1.152 
2.201 
2.008 
1.968 
1.743 
1.980 
1.793 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
1.801 
1.917 
1.988 
2.001 
1.433 
1.536 
1.823 
. 1.703 
1.787 
1.897 
1.770 
1.821 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
2.018 
1.688 
2.074 
2.131 
1.571 
0.904 
2.007 
1.637 
1.679 
1.853 
1.883 
1.646 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
1.842 
2.027 
2.106 
2.235 
1.607 
1.093 
1.843 
2.022 
1.799 
1.828 
1.840 
1.858 
Mo 17 X A634 
B73 X Mo17 
2.171 
1.907 
1.981 
2.270 
1.003 
1.359 
2.052 
1.889 
1.793 
1.831 
1.833 
1.856 
Grand mean 1.939 2. 103 1.307 1.918 1.818 1.828 
LSD (0.05) 0.187 0.324 0.371 0.313 0.345 0.195 
Table A27. Genetic parameter estimates of grain weight trait DRGF68 (g/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 1.975*±0.060 2.237*±0.102 1.437*±0.117 2.108*±0.099 1.926*±0.108 1.940*±0.060 
ûpa(13) 0.019 ±0.015 -0.027 ±0.026 0.022 ±0.029 -0.001 ±0.025 -0.041 ±0.027 -0.003 ±0.015 
2Ap^d(13) -0.035 ±0.028 0.001 ±0.047 -0.101 ±0.054 -0.017 ±0.046 0.046 ±0.050 -0.023 ±0.028 
M2 1.750*±0.060 1.958*±0.102 1.457*±0.117 1.730*±0.099 1.744*±0.108 1.730*±0.060 
Apa(2) -0.002 ±0.015 0.041 ±0.026 -0.115*±0.029 -0.001 ±0.025 0.030 ±0.027 -0.009 ±0.015 
2Ap^d(2) 0.038 ±0.028 -0.073 ±0.047 0.246*±0.054 -0.005 ±0.046 -0.029 ±0.050 0.036 ±0.028 
H 0.031 ±0.060 0.039 ±0.102 0.136 ±0.117 0.018 ±0.099 0.006 ±0.108 0.044 ±0.060 
Table A28. Mean squares from anovas of kernel number trait DROV (ovules/day) by environment and over 
environments 
Environment 
< 
Source of Variation d.f.* 
Ames 
1982 
Ames 
1983 
Ankeny 
1983 
Ames 
1984 
Ankeny 
1984 Combined 
Environments 4 3171.11** 
Reps/Environments 17 283.50* 
Reps (by environment) 3 22.84 218.24 233.44 705.61** 150.48 
Genotypes 9 75.32* 276.55** 261.67* 187.94 443.90 395.67** 
Checks vs populations(GI) 1 2.80 747.55*# 230.34 422.95 127.27 1091.46** 
Among checks(G2) 1 292.53** 1298.09** 722.20* 207.01 18.45 1612.81** 
Among populations{G3) 7 54.65 62.66 200.36 151.64 549.91 122.39 
BS13(SCT) vs BSSS2(SCT)(G4) 1 84.02 35.86 2.37 7.11 118.46 4.99 
Error (by environment) 27 21.91 81.66 99.69 104.40 397.50 
Genotypes x Environments 36 206.53 
G1 X Environments 4 80.21 
G2 X Environments 4 228.77 
03 X Environments 28 221.40 
G4 X Environments 4 58.75 
Error 153 149.54 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
3 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A29. Means of kernel number trait DROV (ovules/day) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
41.57 
49.04 
50.32 
61.72 
45.84 
38.85 
47.58 
52.74 
69.23 
37.46 
51.39 
47.91 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
45.99 
40.13 
55.95 
61.14 
53.60 
33.74 
56.03 
43.89 
60.25 
66.76 
54.81 
49.61 
BS13(SCT)C0 X BS13{SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
53.68 
45.19 
56.77 
59.06 
37.87 
37.10 
47.20 
44.34 
69.61 
62.62 
52.99 
49.90 
BS13(SCT)C0 X 
BS13(SCT)C5 X 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
44.76 
47.74 
52.74 
55.15 
32.48 
34.96 
35.80 
43.64 
74.81 
54.25 
48.30 
47.12 
Mo17 X A634 
B73 X Mo17 
38.27 
52.23 
33.06 
58.54 
23.81 
42.81 
33.19 
43.36 
58.93 
55.90 
37.41 
50.48 
Grand mean 45.86 54.45 38.11 44.77 60.98 48.99 
LSD (0.05) . 8.03 13.11 14.49 14.83 28.93 8.18 
Table A30. Genetic parameter estimates of kernel number trait DROV (ovules/day) by environment and 
over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 42.954*±2.467 51.513*±4.125 41.349*±4.557 44.260*±4.664 73.111*±9.100 51.042*±2.655 
Apa(13) 1.867*±0.624 0.813 ±1.043 0.203 ±1.153 1.252 ±1.180 -1.478 ±2.302 0.461 ±0.672 
2Ap^d(13) -2.517*±1.155 0.415 ±1.917 -0.905 ±2.118 -0.808 ±2.167 -4.175 ±4.229 -1.550 ±1.234 
M2 47.382*±2.467 57. 142*±4.125 49. 112*±4.557 52.708*±4.664 64. 134*±9. 100 54.449*±2.655 
Apa{2) -0.715 ±0.624 0.145 ±1.043 -1.503 ±1.153 -1.011 ±1.180 -1.080 ±2.302 -0.839 ±0.672 
2Ap^d(2) -0.021 ±1.155 0.509 ±1.917 -0.067 ±2.118 0.258 ±2.167 2.686 ±4.229 0.710 ±1.234 
H -1.799 ±2.467 -2.775 ±4.125 -8.255 ±4.557 -9.367*±4.664 2.305 ±9.100 -4.093 ±2.655 
Table A31. Mean squares from anovas of agronomie trait DRMOI (%/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Source of Variation d.f.^ 1982 1983 1983 1984 1984 Combined 
Environments 4 10.615** 
Reps/Environments 17 0.073* 
Reps (by environment) 3 0.0759* 0.0275** 0.2413 0.0072 0.0101** 
Genotypes 9 0.0856** 0.0099** 0.1920 0.0080 0.0116** 0.109** 
Checks vs populations(GI) • 1 0.0210 0.0005 1.0844* 0.0344*# 0.0041 0.306 
Among checks(02) 1 0.0479 0.0032 0.2621 0.0063 0.0530** 0.239* 
Among populations(03) 7 0.1001* 0.0121** 0.0545 0.0045 0.0068* 0.062 
BS13(SCT) vs BSSS2(SCT)(04) 1 0.0607 0.0015 0.0054 0.0118 0.0001 0.025 
Error (by environment) 27 0.0288 0.0022 0.1457 0.0043 0.0021 
Genotypes x Environments 36 0.049 
G1 X Environments 4 0.227** 
02 X Environments 4 0.033 
03 X Environments 28 0.026 
04 X Environments 4 0.011 
Error 153 0.036 
^Degrees of freedom as shown with the exception of the Ames 1982 environment which contained 
6 reps. 
*,**Significant at the 0.05 and 0.01 level of probability, respectively, when tested by the F 
statistic. 
Table A32. Means of agronomic trait DRMOI (%/day) by environment and over environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Genotype 1982 1983 1983 1984 1984 Combined 
BS13(SCT)C0 
BS13(SCT)C5 
0.479 
0.675 
0.782 
0.685 
1.806 
1.662 
0.754 
0.779 
0.761 
0.701 
0.877 
0.880 
BSSS2(SCT)C0 
BSSS2(SCT)C5 
0.688 
0.649 
0.810 
0.698 
1.949 
1.707 
0.814 
0.795 
0.779 
0.698 
0.979 
0.886 
BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
0.431 
0.494 
0.753 
0.664 
1.764 
1.667 
0.764 
0.821 
0.741 
0.723 
0.849 
0.839 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
0.704 
0.383 
0.743 
0.665 
1.592 
1.617 
0.850 
0.766 
0.754 
0.652 
0.908 
0.777 
Mo 17 X A634 
B73 X Mo17 
0.579 
0.453 
0.754 
0.714 
2.313 
1.951 
0.894 
0.838 
0.833 
0.670 
1.030 
0.882 
Grand mean 0.553 0.727 1.802 0.807 0.731 0.891 
LSD (0.05) 0.197 0.068 0.554 0.095 0.665 0.116 
Table A33. Genetic parameter estimates of agronomic trait DRMOI (%/day) by environment and over 
environments 
Environment 
Ames Ames Ankeny Ames Ankeny 
Parameter 1982 1983 1983 1984 1984 Combined 
M13 0.492*±0.063 0.765*±0.021 1.748*±0.174 0.771*±0.030 0.765*±0.021 0.870*±0.036 
Apa(13) -0.015+0.016 0.001 ±0.005 0.015 ±0.044 -0.005 ±0.008 -0.006 ±0.005 -0.003 ±0.009 
2Ap^d(13) ,0.066*±0.029 -0.017 ±0.010 -0.047 ±0.081 0.011 ±0.014 -0.001 ±0.010 0.008 ±0.017 
M2 0.701*±0.063 0.794*±0.021 1.891*±0.174 0.831*±0.030 0.783*±0.021 0.973*±0.036 
Apa(2) -0.044*±0.016 -0.023*10.005 -0.033 ±0.044 -0.005 ±0.008 -0.013*±0.005 -0.025**0.009 
2Ap^d(2) 0.078*±0.029 0.026*±0.010 0.003 ±0.081 0.004 ±0.014 0.009 ±0.010 0.034**0.017 
H 0.094 ±0.063 -0.021 ±0.021 -0.169 ±0.174 0.033 ±0.030 -0.024 ±0.021 -0.007 ±0.036 
